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PREFACE. 



In pursuance of the scheme lor completing the Memoirs of the 
Geological Survey by ihe publication of stratigraphical mono- 
graphs of the ditt'erent geological formations of ihe Britinh Islee, 
the task of describing the Jurassic system south of the Humber 
was entrusted to Mr. H. B. Woodward. The present volnme, 
coming after the two by Mr. Fox-Strangways issued last year, 
forms the third volume of the Jurassic Monograph, and is the first 
instalment of Mr. Woodward's work. It is devoted to a detailed 
account of the Lias. 

Following out the general plan adopted for the«e Memoirs, 
Mr. Woodward ha<* endeavoured to summarise our knowledge of 
the different subdivisions of the Lias, with especial reference to 
their stratigraphical variations and their economic products. He 
has availed himself not only of the information gathered by the 
officers of the Survey, but of the voluminous Liassic literature 
which has been published in this country, so as to present a com- 
pendium of what is at present known regarding the subject. 

In tracing the labours of those who preceded the detailed 
mapping of the Survey, we mny note with some interest that an 
original sketch -survey, on the one-inch Ordnance mnpfi, was made 
by William Lonsdale between 1827 and 1836 over a great partof 
the area described in the present volume. Thia early pioneer in 
British Geology, following the outlines first given by William 
Smith, and proceeding from near Bath across the Cotteswold dis- 
trict, made his way by a series of oblique traverses through the 
Midland Counties to the Humber. H. E. Strickland also 
mapped portions of the Lias and New Red Sandstone on the 
holders of Gloucestershire, Worcestershire, and Warwickshire 
between the years 1834 and 1837. Shortly afterwards De la 
Beche, in the early days of the Geological Survey, pushed his way 
from Cornwall and Devon into Somerset and Dorset, and before 
the vear 1839 had begun the official mapping of the Jurassic rocks. 
This work was carried on by H. W. Bristow, and partly by 
W. T. Aveline, in Dorset, Wilts, and Somerset, and by Ramsay in 
Gloucestershire, followed afterwards by E. Hull, H. H. Howell, 
H. Bauennan, R. Trench, T. R. Polwhele, and A. H. Green, by 
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whom the mapping was extended into the Midland Counties. A 
little later J. W. Judd, in prolonging the work through North- 
amptonshire and Rutlandshire, introduced into it the practice of 
following out definite palseontological zones, without which the 
systematic correlation of the fossiliferous formations cannot be 
satisfactorily undertaken. 

The northward extension of the mapping of the Jurassic for- 
mations was subsequently carried out chiefly by W. H. Holloway 
and W. A. K Ussher, with the co-operation of W. H. Dalton, 
A. C. G. Cameron, and A. J. Jukes-Browne. The survey or 
these rocks north of the Huraber was made mainly by C. Fox- 
Strangways, C. Reid, and G. Barrow. 

The present volume has been prepared entirely by Mr. Wood- 
ward. His training in the field-work of the Survey had made 
him intimately acquainted with the Jurassic rocks, for between 
the years 1867 and 1874 he was engaged under Mr. Bristow, 
the late Director for England and Wales, in re-surveying the 
Secondary formations in the South-west of England and the 
South of Wales. 

As the system of publishing sheet-memoirs in elucidation of the 
maps of the Survey did not come into operation until after 1856, 
no Memoirs have yet been issued dealing with the Secondary 
formations of Dorset, and of Western and Southern Somerset, 
excepting De la Beche's general Memoir '' On the Geology of 
Cornwall, Devon, and West Somerset," which appeared in 1839, 
and his classic essay '^ On the Formation of the Rocks of South 
Wales and South- West^a England," which was published in the 
first volumt of the Memoirs of the Geological Survey in 1846. 
Hence for a large region in the south-west of the country, em- 
bracing many of the districts where the Jurassic rocks are 
typically : developed, there were no official descriptions available for 
the preparaticm of a general monograph. Mr. Woodward has 
thus been compelled to re-visit the ground, to study the best 
sectJGJns,' and to trace the gradual stratigraphical changes of the 
several formations from district to districts The following chap- 
ters will consequently be found to contain much new material. 
All the sections, except where otherwise stated, are original, and 
the anthor has likewise, wherever possible, verified the descriptions 
of other observers quoted by him. A laige number of fossils 
have been collected . by him, and these have been named by 
Messrs. Sharman and Newton^ the Pala^ntologists of the Survey. 
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Keference will be found in the text to the sources of informa- 
tion made use of in the preparation of this volume. No geologist 
who follows in their footsteps can withhold his tribute of admiration 
for the labours of Strickland, Thomas Wright, Charles Moore, 
E. B. Tawney, and Professor R. Tate. Besides the work of these 
writers, assistance has been obtained from the published papers 
of Messrs. W. D. Oarr, W. D. Crick, and E. Wilson. In the 
field, while working on the Liassic part of his subject, Mr. Wood- 
ward has been further personally aided by Mr. Alfred Gillett of 
Street, the Eev. H. H. Winwood of Bath, Mr. T. Beesley and 
Mr. E. A. Walford of Banbury, the Rev. P. B, Brodie of Row- 
ington, Mr. T. J. Slattcr of Evesham, Mr. R. F. Tomes of South 
Littleton, and Mr. Beeby Thompson of Northampton, to all of 
whom the thanks of the Geological Survey are due. 

With regard to the illustrations in the present volume. Dr. 
Henrj" Woodward has been good enough to supply a number of 
engravings of fossils from the official guides to the Department of 
Geology in the British Museum, and other cliches have been 
taken from the wood-cuts of Liassic fossils in my Text-book and 
Class-book of Geology. The sources of the several figures are 
acknowledged in the List of Illustrations. 

Abgh. Geikie, 
Director-General. 
Geological Survey Office, 

28, Jermyn Street, S.W. 
12th June 1893. 



Vll 



TABLK or CONTKNTS. 



Prepack, by the Dirkctok-Geneual 



Pautc 

• ■ • 

111 



CHArTER I. 



1>'TR0DUCTI0X 



1 

The teim Jura&(8ic — Extent ut' the Jurassic Rocks in Britain — 

Relations of ihe Rocks to the Formations above and below - 1 
Progress of knowledge concerning the Jurassic Rocks — Re- 
searches of William Smith • - - - - 1 

Table showing the Subdivisions of the Jurassic Rocks accord- 
ing to William Smith - - - - - - h 

Subdivisions of the Jurassic Rocks - • - - t> 
Table showing the principal Subdivisions of the Jurassic Rocks 

from Dorseishire to Lincolnshire - - - - 8 

Sequence of rocks and Passage-beds — Planes of demarcation - 7 
Lateral changes in Formations — Stratigraphical and Palaeonto- 

lo^ical Subdivisions - - - - - - 10 

Sections of the Strata - • - • • - 12 
Fauna and Flora - - • • - - -13 

Preservation of Fossils • - - - - - 16 

Characteristic Fossils— Fosnil -beds — Zones • - - 17 

CHAPTER II. 
The Lias ........ 21 

General Account op the Strata - - - - - 21 

Organic Remains - - - - - - 24 

Zones • - - - - - - .25 

Formation of the Rocks - - - - . -27 

Microscopic Structure - . - . - - 32 

Subdivisions of the Lias . - . . - 33 

Table showing the principal Zones in the Liassic Rooks - 34 
Loiter Lias: — 

General Description • - - - - -35 

Zones - - • • . - • -36 

Organic Remains - - . . - -37 

Characteristic Fossils - - - - - - 45 

CHAPTER III. 
Lower Lias — {cofUinaed) : — 

Local Details: — 

Dorsetshire coast - . - . . •54 

Inland sections, Dorsetshire and Devonshire to Membury and 

Chard - - - . - . . - 72 

Vale of Taunton to llminster • - - . - 74 

Yale of Ilchester and the Folden Hills - • - -76 

Sheptoii Mallet, Wells, and Uphill - - . - 85 

West Somerset - - - - - • -91 

Mendip Hills - - . . . . - 97 

CHAPTER IV. 
Lower Lias — (continued): — 
Local Details: — 
Glamorganshire and Monmouthshire - - - . i^9 



vni 



CHAPTER V. 

LowEK Lias — (conimued) : — 

Local Details: — 

Harptree and Chewton Mendip • 
Badstock and Paulton - - - 

Vale of Wrington - . . 

Bath and Keynsham - - - 

Chew Magna and Bristol to Pnrton Passage 
Fretherno, Westbnry-on- Severn, and Stroud 
Gloucester and Cheltenham 
Tewkesbury to Pershoro - - - 

CHAPTER VI. 
Lower Lias — {contmued). 

Local Details: — 

Eyesham to Stratford-on-Avon, the Vale of Moreton, Chipping 

Norton, and Charlbury - - - 

Kineton, Harbury, Fenny Compton, and Banbnry 
Rugby - - - . - 

Wigstun and Market Harborough 
Barrow-on-Soar and Melton Mowbray - 
Bamstone and the Vale of Belvoir 
Lincoln . - - - - 

Frodingham and North Lincolnshire 
Needwood Forest - - - - 

Shropshire and Cheshire . - - 

Cumberland .... 



CHAPTER VIT. 



Middle Lias: — 

G-ENEBAL DeSCBIFTION 

Zones 

Organic Remains - 

Characteristic Fossils 

Local Details: — 

Dorsetshire 

Somersetshire 

Gloucestershire 



CHAPTER VIII. 



Middle Lias — {continued) : — 

LocAii Details: — 
Oxfordshire, Northamptonshire, and Warwickshire 
Leicestershire, Rutlandshire, and Lincolnshire - 
Shropshire - - . . - 



CHAPTER IX. 



Upper Lias: — 

General Description' 

Zones 

Organic Remains - 

Characteristic Fossils 

Local Details: — 

Dorsetshire 
Somersetshire 
Gloucestershire 
Oxfordshire 



Page 



123 
12t) 
133 
133 
13<> 
139 
141 
144 



159 
lt)2 
!()(> 

171 
175 
177 
180 
180 
183 



185 
186 
189 
191 

195 
202 
213 



220 
231 
243 



245 
24t> 
247 

24^ 



2r>4 
255 
264 
268 



IX 



CUAPTISK X. 

L'rPKK LlAH—icotUlnuvd): — 

Northamptonshire ...... 

Northamptonshire (continued), Rutlandshire, and Leicester- 
shire ---..-.- 
Lincolnshire ••...-. 



Page 

271 

280 
284 



CHAPTER XI. 



Economic Geology : — 



Lime and Cement ..... 

Artificial Stone ...... 

Table of Analyses of Limes and Cements 

Table of Analyses of Limestones . - - . 

Bnildine Stones ...... 

Lo(.>al Names of Stone-beds .... 

Road Metal ...... 

Marble ....... 

Miscellaneous uses of Fossils .... 

Brick and Tile Clays ..... 

Sands -...-•. 

Phosphates - - - - - ' - 

Lignite and Bituminous Shales .... 

Iron-ores -.-.-•. 

Table showing the composition of Liassic Iron-ores 

Table showing the production of Iron-ore during the past 

years -.-.--- 
Ochre ..-----. 

Miscellaneous Minerals - - - - - 



ten 



288 
290 
291 
292 
293 
295 
296 
297 
297 
297 
299 
299 
300 
300 
305 

306 
307 
307 



CHAPTER XII. 
Economic Geologt — {continued^, 

AgricidturPf Springs, and WaU/r Supply, 

Physical Features - 

Drift Deposits 

Soils 

Terraces of Cultivation 

Distribution of Population 

Water-bearing Strata 

Reservoirs • 

Springs 

Petrifving Springs 

Chalvb^Ekte Spring 



Sulphuretted Springs 
Saline Springs 



309 
309 
311 
313 
314 
315 
317 
317 
320 
320 
321 
321 



APPENDIX. 

CATAUXiVu. or Fossils fsok the Liassic Rocks of England and 
Walks -......- 327 

Index ......... 379 



K 70«:>9. 



X 



ILLUSTRATIONS. 



J*A<iK 



Fig. 1. Diagrammatic Section to show the chief variations in tho 

Liassic Strata from Dorsetshire to Yorkshire - - 2/? 

*2. Ichthyosaurus communis, Oonyb., and Coprolite, Lower 
Lias, Lyme Regis. (Guide to Department of Geolog}', 
British Museum. Part II., p. 34, 1890) - - - :^ 

3. Pissiosauriis dolicliodirus, Conyb., Lower Lias, Lyme 
Regis. (Guide Dep. Geol., Brit. Mus.. Part II., p. 49) 37 

4. Skull of Ichthyosaurus communis, Conyb., Lower Lias, 
Lyme Regis. (Guide Dep., Geol., Brit. Mus., Part II., 
p. 32) - - - - - - . 38 

5. Skull of Ichthyosaurus latifrons, Kdnig, Lower Lias, 
Barrow-on-Soar. (Guide Dep. Greol., Brit. Mus,, 
Part IL p. 33) 38 

6. Teeth of Ichthyosaurus plaiyodonf Conyb., and I. com- 
nvimis , Conyb. , Lower Liaa, Lyme Regis. (Guide Dep. 
Gool., Brit. Mus., Part II., j). 35) - - - '.\9 

7. Cervical vertebra of Plesiosaurus Hawkinsi, Owen, Lower 
Lias, Lyme Regis. (Guide Dep. Geol., Brit. Mus., 
Part II., p. 48} - - - - - - 3J) 



• » 



>» 



it 



>> 



>> 



») 



,, 8. 



Dapedius pholidottis, Ag., Lower Lias, Lyme Regis. 
(Guide Coll. Fossil Fishes, Brit. Mus., p. 29, 1888) - 



»* 
$» 



9. Tholidophorus Bechei, Ag., Lower Lias, Lyme Regis. 

(Sir A. Geikie, Class Book of Geology, Ed. 2, p. 304) - 4(» 

10. Teeth of Acrodus Anidngioe, Ag., Lower Lias, Lyme 
Regis. (Guide Coll. Fossil Fishes, Brit. Mus., p. 9) - 41 

11. Dorsal spine of Hyhodus, Lower Lias, Lyme Regis. 
(Guide Coll. Fossil Fishes, Brit. Mus., ji. 9) - - 41 

12. Amnumites planorhis, Sow., Lower Lias. (Geikie, Text- 
Book of Geology, Ed. 2, p. 790) - - - - 44 

13. Ammoniies an^fdattis, Schloth., Lower Lias. (After 
Wright) - - - - - . - 44 

14. Ammonites liucklaruH, Soyr.yhoyrer Lim. (After Wright) 44 

15. Amnwnites ohtusus, Sow., Lower Lias. (Geikie, Text 
Book of Geology, Ed. 2, p, 790) - - - 4-t 

,, 16. Awmon/^ oajy//o^t/^, Quenst., Lower Lias. (After Wright) 44 
,, 17. ^mmontfe* ran'coato^i^', Ziet., Lower Lias. (After Wright) 47 
„ 18. Ammo7iit€S armatus. Sow., Lower Lias. (After Wright) - 47 
,, X9. Ammonites Jamcsoni, Sow., Lower Lias. (Geikie, Text 

Book of Geology, Ed, 2, p. 791) - - - 47 

,, 20. Amm^onites hrevis2)ina. Sow., Lower Lias. (Geikie, Text 

Book of Geology, Ed. 2, p. 791) - - - 47 

,, 21. Ammonites heterogcnes, Y. & B., Lower Lias. (After 

Wright) ----..- 47 
,, 22. Belewmte* cZava^tt^, Blain v., Lower Lias. (After Phillips) 47 
,, 23. AmTYionites striutus, Rein, Lower Lias. (Geikie, Class- 

Book of Geology, Ed. 2, p. 303) - - - 48 

„ 24. Ammonites llenleyi, Sow., Lower Lias. (After Wright) - 48 
,, 25. Ammonite Davcet, Sow., Lower Lias. (Geikie, Text-Book 

of Geology, Ed. 2, p. 791) - - - - 48 

„ 26. Ammonites capricornus, Schloth., Lower Lias. (After 

Wright) - - - - . - -48 

„ 27. Pleurotomaria anglica, Sow., Lower and Middle Lias. 

(After Goldfuss) - - - - - - 49 

„ 28. Lima gtgamtea. Sow., Lower Lias. (Geikie, Text- Book of 

(Jeology, Ed. 2, p. 776) - - - . - 49 

„ 29. Hipvopoaiwn ponderosum, Sow., Lower and Middle Lias. 

(Mnaeum of Practical (jreology) .... r>o 



XI 



Pao« 
Fig. 30. Ca/rdmia Listeria Sow., Lower Lia8. (After GoldinsH) - 50 
,, 31. FUcatula spinoea, Sow., Lower and Middle Lias. (Greikie, 

Claes-Book of Geology, Ed. 2, p. 302) - - - 50 

,, 32. Modiola mi/nima, Sow., Khsetic Bods and Lower Lias. 

(Mob. Pract. Geol.) - - - - .50 

„ 33. Pleuromya erocombeia, Moore, EhsBtic Beds and Lower 

Lias. (Mus. Pract. Geol.) • - - - 50 

,, 34. Avicula cygnipeSt Y. & B., Lower and Middle Lias. (Mus. 

Pract. Geol.) - - - - - - 50 

,, 35. Gryphcea arcuata, Lam. (G. incurvay Sow.), Lower Lias. 

(Mus. Pract. Geol.) - - - - - 50 



>) 



>> 



f ) 



9f 



ft 



>» 



>» 



)) 



t» 



36. Spvriferina WalcoUif Sow., Lower and Middle Lias. 
(After Davidson) - - - - - - 51 

37. Bhynehonella variahilis, Schloth., Lower and Middle Lias. 
(After Davidson) - - - - - 51 

38. Scapheus a/ncylocheliSf H. Woodw., Lower Lias. (Geikie, 
Class-Book of Gkology, Ed. 2, p. 304) - - - 51 

39. Pentacrinus hiuaUiformUf Miller, Lower and Middle 
Lias. (Geikie. Toxt-Book of Geology, Ed. 2, p. 774) - 51 

40. ExtrcusriniLS bri<vieuSf Miller. Lower Lias. (Geikie, Text- 
Book of Geoloj^, Ed. 2, p. 774) - - - 51 

41. Section of the Cliffs from Pinhay Bay, near Lyme B^gis, 
to Bridport Harbour - « - - 52, 53 

42. The Landslip at Dowlands, between Lyme Begis and Ax- 
mouth. (From a drawing by Sir A. Geikie, 1885, 

Class-Book of Geology, fid. 2, p. 51) - - - 56 

„ 43. Section from Pennard Hill to Beacon Hill, Mendip Hills. 

(H. B. W., Geol. E., Somerset, p. 46) - - - 90 

,, 44. Generalized Section of the Cliffs from near Stolford to 

Blue Anchor, near Watchet, Somersetshire - - 95 

45. Section of the Cliffs at Sutton, Southerndown, and Dan- 
raven, Glamorganshire - - - - - 101 

46. Section near the Witches Point, Dnnravcn, Glamorgan- 
shire. (After De la Beche ; Geikie, Text- Book of 

Geology, p. 591) - - - - . - 106 

,, 47. Section near Dunraven Castle, Glamorganshire. (De la 

Beche, Mem. Geol. Survey, vol. i., p. 271) - - 108 

Section of Lower Lias, east of Dunraven Castle, Glamor- 
ganshire ------. 117 

Section iVom Lavernock to Pcnarth, Glamorganshire - 120 

Section at Phyllis Hill, Paulton, Somersetshire - - 131 

Section at Croome D'Abitot near Pershore, Worcester- 
shire - - - - - . - J4^ 

Quarry at Newbold, Rugby. (From a Photograph lent 
by J. D. Paul) ---.-. 1(54 

Diagrammatic Section across the Vale of Belvoir. (A. J. 
Jukes- Browne; Geol. S.W. LincolnHhire, p. 10) - 173 

54. Ammonites margaritatus, Mont., Middle Lias. ^After 

d'Oroigny) - - - - - . IS9 

Ammonites spinaVus^ Brag., Middle Lias. (After Wright) 189 

Modiola scafprum, Sow. Lower and Middle Lias. (After 
Sowerby) -----. ipQ 

GryphfBa eymbium. Lam., Middle Lias. (Geikie, Text- 
Book of Geology, Ed. 2, p. 776) - - .190 

Cardium truncatum. Sow., Middle Lias. (Mus. Pract. 
Geol.) - - - - - . .190 

Belemnitea pa^jeillostis, Schloth., Lower and Middle Lias. 
(After John Phillips) - - . - . 190 

Peeten (sguivalvisy Sow., Middle Lias. (After Goldfoss) - 190 

BhyncJumella tetrahedra, Sow., Middle Lias. (After 
Davidson) ----.. 191 

TerebraUila punctata^ Sow,, Middle Lias. (After Davidson) 192 



it 


48. 


ti 
a 
ti 


49. 
50. 
51. 


ti 


52. 


a 


53. 


it 


54. 


f » 


55. 
56. 


it 


67. 


a 


58. 


f 


59. 


ti 

a 


60. 
61. 


9t 


62. 



xu 

Pagk 
Fig. (j3. SefptUa ielnifjoiM, Duiil., Middle LiikS. (Mutj. Pract. 

(jt)ol.) --.--.. 192 
M (>i. Ophiodernui Eyertoni^ Brud., Middle Liiu). (After Wright) 1P2 
., t>5. Ojphioderma Milleru Pbil.. Middle Lias. (After Wright) li^2 
„ 66. Section from Ilohostor to Pen Hill, Yeovil - - 20(> 

M 67. Section across the Cottoswold Sills from Wottou Under- 

ed^e to Syujouds Uall Hill, Gloacesterhhire. 

(Sir A. 0. Bamsay, Quart. Journ. G«ol. Soc., vol. xvi., 

p. <jj - . - - - - - 214 

,, 68. Section across the Vale of Wiuchcomb, Gloaoestershire. 

(K. Hull, Geo! Cheltenham, p. 99) - - - 218 

,, 69. Section between Koythorpe and Hallatou, Leioestershire. 

(J. W. Judd, Ueol. Rutland, p. 73) - - - 235 

„ 70. Ammonites serft^niiuns, Rein., Upper Lias (after d*Or- 

bigny) ------- 249 

,, 71. Ammirniies cornucopia, Y. & B., Upper Lias. (After 

d'Orbigny) - - - - - -249 

,, 72. Ammonites jtbulntiM, Sow., Upper Lias. (Mus. Pract 

Geol.) - - . - - . - 249 

„ 73. AfMnoniies communis, Sow., Upper Lias. (After Wright) 249 
,, 74. AmmoniUs hifrons, Brug., Upper Lias. (After Wright) - 249 
„ 75. Ammonites degans, Y. & B., Upper Lias. (After Wright) 249 
„ 76. AmmoniUs heierophullus, Sow., Upper Lias. (Geikie, 

Text-Book of Geology, p. 793) - - . . 251 

,, 77. ^mmont^ jt(r6n«i«, Ziet., Midford Sands. (Greikie, Text- 
Book of Geology, p. 793) - . - - 251 
„ 78. BelemnUes tubvla/ris, Y. & B., Upper Lias. (After 

Phillips) 251 

„ 79. JUelemnites VvUzii, Pbil., Upper Lias. (After Phillips) - 251 
„ 80. inocerawutfJei&ttitf, Sow., Upper Lias. (Mus. Pract. Gcol.) 251 
,, 81. AmJberleija capHanea, Goldf., Upper Lias and Inferior 

Oolite. (After Morris and Lycettj ... 251 



„ 82. Po«u2on<w*i/a/^ori/ii, Voltz., Upper Lias. (After Gx^ldfuss) 251 

,, 83. Zaeia otmm. Sow., Upper Lias. (Mas. Pract. Geol.) - 251 

,, 84. Section across the Polden Hills and (jlastonbury Tor. 

(H.B.W., Geol. England and Wales, Ed. 2, p. 250) - 263 

,, 85. Section of Brent Knoll, Somersetshire. (H. B. W., Geol. 

East Somerset, p. 116) - • - - - 263 

,, 86. Section at Wottou Underedge. (U. W. Bristow, Mem. 
Geol. Survey, vol. i., p. 275 i Geol. East Somerset, 
p. 114) - 264 

„ 87. Section across Oxen ton Hill, near Winchcomb, Gloucester- 
shire. (E. Hull, Geol. Cheltenham, p. 77) - - 266 

„ 88. Section in a quarry south of Thenford, Northtunptonshire. 

(A. H. Green, Geol. Banbuxr, p. 8) - - - 274 

,, 89. Section at Brickyard, near Gay ton Wharf, Blisworth, 

Northamptonshire ..... 277 



MAP. 

Sketch Map to show the areas occupied by the Lias in 
England and Wales ..... FBoimsPiECE. 



• • • « 



THE 



• •• 

• • " • 



LIAS 



.•• • 



• • • • 
• • • 



OF 



• « 



ENGLAND AND WALES 

(YORKSHIRE EXCEPTED). 






• • •-• • 

• • - 



CHAPTER I. 
INTRODUCTION. 



The term Jurnssic — Extent of the Jurassic R<tcks in Britain — 
Relations of the Rocks to the Formations above and below. 

The foundations of Geological Science are associated more 
closely with the Jurassic Rocks of this country, than with any 
other series of strata. Familiarly known as the Lias and Oolites, 
the main subdivisions of these rocks had been determined and 
their life-history to a large extent ascertained, long before the 
name Jurassic came to he generally applied. To the Jura 
mountains on the borders of France and Switzerland, where the 
" Jura limestone " has been known from time immemorial^ we owe 
the name, which was introduced by Von Humboldt. As early 
as 1795 he employed the term " Jura limestone " in a limited 
geological sense, while in 1823 he used the more comprehensive 
names ^' Jurassitpie'* and ^' Jura formation!''^ W. D. Conybeare 
had in 1813 recognized the identity of the Jura limestone with the 
Oolitic formations in Englandf ; but not till after the publication 
of Oppel's great work on the ** Juraformation " (1856-58), was 
the term Jurassic generally adopted in this country. 

The Jurassic rocks conic to the surface over a large tract of 
Britain. In England they extend from the cliffs between 
Axmouth and Swanage, on the coasts of Devonshire and Dorset- 
shire, through the Midland counties, to the cliflfs and moorlands of 
East Yorkshire. Outlying portions of the rocks occur in West 
Somerset, in Glamorganshire and Monmouthshire,in Worcestershire, 
Shropshire, Cheshire, and also in Cumberland; while small inlying 
masses appear at the surface in Sussex. In the far north of 

* Alex, dc HuinboUlt, Essai geognostique sur Ic gi.scmeiit des Roches, 1S29, 
pp. 269, 275. (Eiiglisih translatiou, pp. 36, 359.) 

f He based his correlations on th:; descriptions of Giovanni Arduino (1759) ; 
Bep. Brit. Assoc, for 1832, p. 388. 

K 70859. ^ 
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2 LIA8 OF ENGLAND AND WALES : 

Scotland we find^relnpants of the strata along the borders of tlio 
Moray Firih, nedt^ Oifomarty, and in Sulherlandbhire ; and again 
in Mull and. Sfjt^ftnd other of the western islands and adjoining 
tracts of th^*'jiiainland. in Ireland tnere are renresentatives of 
the LojTeKJiirasaic rocks near i5eltast. 

The Jjurassic rocks of Yorkshire form the subject of a separate 
8epii^*6f this Memoir ; those of Scotland and Ireland will like- 
tqsjB be described separately? so that the tracts to which attention 
\ is now directed, include (1) the main outcrop of the English 
, ••'Jurassic rocks from the Dorset coast to the low cliffs of Whitton, 
on the southern Humber shore, together with the underground 
extent of the strata ; and (2) the outlying masses that occur in the 
north and west of England and in South Waks. 

The main mass of the Jurac^sic strata thus traverses the central 
portions of England in a northerly and nortli-easterly direction. 
Including both Lias and Oolites, this great system is made up of 
many alternations of sand, clay, Jind limestone, with every inter- 
mediate variety of these materials ; a system whose maximum 
thickness may be estimated at from 4,500 to 5,000 feet. 
Inclined gently towards the east and sjouth-east, and havini^ 
suffered considerable denudation, the harder and more porous beds 
outcrop in escarpments th.at face westwards or north-westwards, 
and the resultant features are a series of stoncbrash hills and clay 
vales. Among the more prominent ridges are the Cotteswolds, 
that rise in places a little over 1,000 feet. Edge Ilill, and "The 
Cliff "which supports the cathedral ot Lincoln. To these physical 
features esi)ecial attention will be given in the sequel. 

The Jurassic rocks being based en the red marls and sandstones 
of the Trias, the downward limit of the svstem was easilv recojrnized 
by the early geologists; it was marked off by the " Ked ground " 
of the vaje of Taunton, the Severn valley, and the central plain of 
England. The upward limit of the scries was by no means so clearly 
discerned. The dip brings on newer and newer strata in an 
easterly direction, and the Jurassic formations are in some places 
covered conformably by Cretaceous rocks. Nevertheless ovei 
considerable areas the lowest Cretaceous strata are wantinsf, and 
higher portions of that system stretch irregularly over the worn 
surfaces of the Jurassic rocks, concealing many of their sub- 
divisions. 

How far the Jurassic rocks extend below ground in the south 
and east of Ei gland is of course a matter of speculation. The 
highest member of the system appears at the surface in one part 
of Sussex, and other portions of the Oolitic series have been found 
at various depths in the same county, in Kent, and beneath the 
London area. Further referenc?8 will be made to this subject. 

Progress of knowlcdc/e concerning the Jurassic Rocks — 
Researches of William Smith. 

That the Jurassic Rocks of England early received a large 
amount of attention is not surprising. The strata furnish our 
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most valuable freestones, as well as many other economic pro- 
ducts, and the numerous excavations naturally attracted notice. 
Moreover the strata themselves are often exceedingly rich in 
organic remains. These were noticed by Leland in his celebrated 
Itinerary (begun about 1538),* and later on thej excited the 
curiosity of the Naturalists of the seventeenth century. 

The growth of our knowledge was, however, dependent chiefly 
on the economic products, for the building-siones have been 
employed, since Roman and Saxon times, in the construction of 
city-walls, bridge?, castles, abbeys, cathedrals, churches, and 
humbler edifices. Various rocks, including both Lias and Oolites 
were used by the Romans in their tesselated pavements.t 

From these early times, in fact ever since the beds were 
quarried for freestone, road-stone, or lime-burning, many local 
nanDes came into use, such as the Barnack Rag, Cheltenham 
freestone, Taynton stone, Doulting stone. Ham Hill stone, 
Chilmark stone, &c. As some of the beds, worked so long ago, 
became exhausted, or as different landholders ascertained that 
stone could be obtained on their grounds, so quarries were opened 
in other localities, and gradually a knowledge must have been 
acquired of the '^ run " or " lie " of the principal beds. The same 
remarks would apply to the chief deposits of tile-earth, brick-earth, 
and pottery clay. 

While much information must thus have been gained by those 
engaged in the practical work of quarrying and brick-making, and 
by those who selected the stone for building-purposes; yet it was 
long before any systematic attention could be given to the subject, 
or the results of observations could be generally known. After 
the introduction of printing, and when maps had attained a fair 
degree of accuracy, the attention of the learned became more and 
more drawn to the subject. In the seventeenth century the 
general superficial distribution of the rocks was so manifest, that 
proposals were made to indicate their limirs on maps, and to 
Dr. Martin Lister (168-i) we owe the first practical suggestion 
for a geological survey.J 

The attention of the earlier Naturalists was devoted chiefly 
to the origin of the " Extraneous Fossils," ^' Petrifactions," or 
Organic Remains found in the various strata ; but they were 
often perplexed to decide wlicther these " formed stones '* were 
*^ naturally produced by some extraordinary plastic virtue, latent 
in the earth, in quarries where they are found, or whether they 
rather owe their form and fiorure to the shells of the fishes ihev 
represent. "§ Manv illustrations of these fossils were published 
in the works of Robert Plot (1677), Ma .tin Lister (1678), 

♦ Itinerary, Ed. by T. Hearnc, vol. viii. p. 2 (Oxford, 1710-12) ; A. C. Ramsay, 
Passages in the History of Geology (part 2), 1849, p. 15. 

f J. Buckman and C. H. Newmarch, Illustrations of the Kemains of Roman Art, 
p. 49. 

J See Phil. Trans., vol. xiv. p. 739 ; and Fittou, Notes on the Progress of 
Beology in England, reprinted from the PhiJ. Mag. (1832-33), 1833. 

§ Plot, Natural History of Oxfordshire, p. 111. See also Phillips, Geology of 
Oxford, pp. 2, &c. 

A 2 
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Edward Lhwyd (1699), the Rev. John Morton (1712), John 
Hill (1748), and John Walcott (1779). Lister compared the 
foesil with the recent species, and Dr. John Woodward (1729) 
clearly recognized that there are ** digg'd up, out of the earih, 
great numbers of shells that diflfer not in any respect, from those 
that the Land, salt and fresh Water dolh yield us.""**" 'I'he true 
nature of Fossils, and the general use of that term, is largely 
owing to the work of James Parkinson of Hoxton (1804).* 

That certain strata occur in a regular order was noticed as 
early as 1719 by John Strachey, and he was evidently aware that 
above the Coal-measures in Somersetshire the following strata 
occurred in upward succession : — Red earth, Lyas, Freestone.^ 
Other writerp, like John Hill (1748), and Emanuel Mendes Da 
Costa (1757), gave accounts of the various rocks and of the uses 
to which they were put. Little progress, however, seems to have 
been made with regard to a knowledge of the sequence of strata 
for a number of years, the next important account of the rocks 
being given in 1760 by the Rev. John Michell, who ^* explains 
most clearly the arrangement of the strata in England.'' § A 
manuscript Table of Strata by Michell, bearing the date 1788, 
was subsequently published, aud therein the succession beneath 
the rocks now grouped as Cretaceous, was stated to comprise the 
'^ Northampton lime, and Portland lime, lying in several strata," 
and then the "Lyas strata." Below, the divisions of the New 
Red Sandstone and Coal-slrata were marked. Nevertheless, as 
observed by Sedgwick, no part of the Woodwardian Collection at 
Cambridjje was stratigraphically arranged by Michell, although 
he was Woodwardian Professor from 1762 to 1770 The signifi- 
cance of the sequence of rocks and fossils was not yet discerned. 

. It was William Smith who, after researches extendinoj over 20 
years, first carried out the undertaking to make a geological map 
of England and Wale?. Projected about the year 1794, the work 
was completed before 1812, and published in 1815, the scale 
adopted being 6 miles to an inch. It must not be forgotten that, 
between 1794 and 1813, the Board of Agriculture published a 
number of Reports containing much local geological information ; 
And, as Conybeare remarked, to this Board " must undoubtedly be 
ascribed the honour of having produced the earliest geological 
maps of any part of England." 

When the strata came to be traced on the ground and depicted 
on a map, the necessity for more precise terms arose. Various 
freestones that had come into the market uoder different local 
names such as the Bath stone, the Minchinhampton stone, and the 
Taynton stone, proved to be on the same horizon, and the term 
Greater Bath Oolite was applied to them ; so also the Cheltenham 
freestone, the Doulting stone, and the Ham Hill stone proved to 

* An Attempt towards a Natural History of the Fossils of England. Tome I., 
part ii., p. 6. 

t Organic Hemains of a former World, vol. i. p. 34. 

t Phil. Tran»., vol. xxx. p. 968 ; xxxi., 895. (Papers reprinted in 1727.) 

§ Phil. Trang., vol. li , p. 566 ; Fitton, op. cit., p. 14 ; and J. Farey, Phil. Mag. 
vol. xxxvi. 1810, p. 103. 
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be on the same general horizon, and the term Inferior Oolite came 
to be applied. 

To William Smith we are mainly indebted for the first clear 
definitions of our strata. He determined the sequence of the 
Jurassic rocks in the west and south-west of England, and pointed 
out their relations to the soils and physical features. His most 
important generalization was that the different strata are 
characterized by fossils more or less peculiar to them, thus 
establishing the fact that strata can be identified by their 
organic remains. Moreover he pointed out that many of the 
rocks had been in succession the bed of the sea, and that the 
fossils were remains of animals that had lived and died at or near 
the places where they are now embedded.* 

Hence the prominent names of many of our rocks T^ere taken 
from the south-western and western parts of England, either from 
terms in local use or from localities where the beds were exposed. 
It may be useful therefore to give the following Table showing 
the names successively adopted by .William Smith : — t 

Table showing the Subdivisions of the Jurassic Rocks 

ACCORDING TO WiLLIAM SmITH.J 



1790. 


1812. 


181&-16. 


Namrs now adopted. 




i 


1 

1 Purl)eck Stone 


Purbcck Beds. 






' Portland Rock 


Portland Stone. 






Sand 


Portland Sand. 






> OaktreeClay 


Kiroeridge Clay. 






Coral Bag and Piso- 
lite : Sand 


] Corallian Beds. 


Clay 


Dark Blue Shale 


Clunch Clay and Shale 


Oxford Clay. 






Kelloway's Stone 


Kellaways Rock 


Sand and Stone ' 


Cornbrash 


Cornbrash 


Cornbrash. 


1 
Clay 


1 
Forest Mai'ble Rock 


Sand and Sandstone 
Forest Marble 


• 

Forest Marble. 


Forest Marble 


1 

1 


Clay over Upper Oolite 


Bradford Clay. 


Preertono 


Great Oolite Rock 


Upper Oolite 


Great Oolite. 


Blue Clay, Yellows 
Clay, PuUcr's Earth, C 










Fullers Earth and 


Fullers Earth and 


Baiftard ditto and ( 




Rock. 


Fullers Earth Rock. 


SundrieM. ) 








Freestone 


Under Oolite ' 


Under Oolite 


Inferior Oolite. 


Sand 


1 


Sand 


Midford Sand. 




t 

1 


Marlstone 


Upper Lias. 
Middle Lias. 


Marl Blue 


Blue Marl 


Blue Marl 


Lower Lias. 


Blue Lias 


Blue Lias 


Blue Lias 


White Lias 


White Lias 


White Lias 


[RhtcticBeds. 


Marl stone. Indigo and 






Black Marls. 






Bed-ground. 


Red Marl and 


Red Marl 


New Red Marl, Ac. 




Gypsum. 







It will be seen by refereuce to this Table that the chief divisions have 
been confirmed by later obpervation. The Purbeck Stone was, however, 
associated by Smith with the Kentish Kag, <&c., while the Upper Lias was 
omitted, doubtless because it is very Inconspicuously aeveloped in 
Somersetshire. The Alum Shale (Upper Lias) of Yorkshire was grouped 
by him with the Oxford Clay. 

* See Memoirs of William Smith, by John Phillips, p. 141 ; see also Fitton, 
op. cit.f pp. 29, &c. 

f Memoira of W. Smith, by John Phillips, pp. 30, 146. See also Table by 
Backland (1S18) in W. Phillips' Oatline of the Geology of England and Wales; 
Mid Table by Sedgwick (1S21) in A SylUbos of a Coarse of Lectures on Geology. 

X See also Table given by C. Fox-Strangways, Jurassic Rocks of Yorkshire, vol. i. 
p. 20. 
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An excellent description of the Oolitic strata of parts of 
Gloucestershire, Somersetsliire and Wiltshire, accompanied by 
plates of many of the fossils, was published in 1813 by the Rev. 
Joseph Townsend, vicar of Pewsey. The tiile of this work* 
unfortunately obscured its character, for the geolo^^ical facts were 
based largely on information furnished by William Smith, and 
it thus contains the earliest record of his more important 
observations. The prominent or characteristic fossils of the 
Oolites, <lown ro the Fuller's Earth Rock, were subsequently 
figured by William Smith in his " Strata Identified by Organic 
Remains, "of which only four parts were published (1816-1819). 
In the meanwhile, Sowerby's Mineral Conchology, of which the first 
volume was published in 1812, gave a new impetus to the collection 
and study of fossils ; and several enthusiastic geologists about this 
time entered! the field, among whom may be mentioned Thomas 
Webster, William Backl md, W. D. Conybeare, Adam Sedgwick, 
followed by W. H. Fitton, H. T. Do la Beche, R. I. Murdiison, 
William Lonsdale, and John Phillips. 

Wlllinm Phillips had in 1818 published '* A Section of Facts 
from the best authorities, arranged so as to form an Outline of 
the Geology of England and Wales" (accompanied by a Table of 
Strata by Buckland) ; and he was joined in 1822 by Conybeare in 
the preparation of a second edition of this celebrated work, 
which became the *' scientific bible " of many a zealous worker, f 
Conybeare was mainly responsible for the Jurassic, as well as 
other portions of this new edition, and having adopted the group- 
ing of William Smith for the Jurassic rocks, '' their provincial 
names have become classic throughout Europe.''^ In those Jays, 
however, the term Oolites or Oolitic Series was employed as a 
general term to include both Lias and Oolites. 

It is unnecessary here to give a full account of the further 
progress of Jurassic geology in this country ; nor could justice be 
done to the subject without reference to the work of geologists on 
the Continent.§ A list of works on the Jurassic geology of 
Britain, will be given in the final volume of this Memoir, and 
particular acknowledgment will also be made, in due course, of 
the labours of the many geologists who have contributed to our 
knowledge of the Liassic and Oolitic strata of this country. 

Subdivisions of the Jurassic rocks, 

Ti)e subdivisions of the Jurassic rocks, established by William 
Smith, were based mainly on his observations in Somersetshire and 
Wiltshire. They are stratigraphical divisions, composed sometimes 
of thick strata comparatively uniform in lithological character, at 



* The Character of Moses established for veracity or. an Historian, recording 
E^cuts from the Creation to the Deluge. 2 vols. 4to. London. 18 13-1 8 15. 

t Geikie's Life of Miirchison, vol. i. p. 136. 

i Murchison, Address to Gsol. Soc, 1833, Proc. Geol. Soc, voL ii. p. 447 ; and 
Sedgwick, Address, It'SO, Ihid.y ^o\, i. p. 200. 

§ See also C. Fox Strangways, Jurassic Bocks of Yorkshire, vol. i. p. 7. 
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Other times of beds varying greatly in their component materials, 
but yet united by some common character. Their order of super- 
t^osition was clearly proved, and their organic contents were shown 
to be more or less distinctive. It is important to bear these facts 
in mind, for all '' formations *' or stratigraphical divisions must, 
ds far as possible, be regulated on these principles. 
' The progress of knowledge has, however, shown that, when 
iiraced across the country from the south-west to the north-east, 
many of Smith's divisions, and especially the sandy and calcareous 
strata of the Oolites, exhibit marked changes in character. Hence 
it has been necessary to adopt distinct stratigraphical subdivisions 
for some of the formations in the midland and north-eastern 
(bounties. In no case can these divisions be taken as of equal or 
ipproximately equal value in point of duration or physical history : 
fhey are made essentially for convenience, and it must be remem- 
bered that all are subject, often to a considerable extent, to variation 
in thickness. 

The Jurassic system (Jura formation) of Germany was separated 
into three divisions in 1837 by Leopold Von Buch; but the several 
stages have been somewhat differently grouped by geologists, 
itiore especially with regard to the Middle and Upper Jura'isic 
divisions. The classification given in the Table on page 8, is that 
most commonly ndopted. 

Sequence of rocks and Passage-beds — Planes of demarcation. 

The Jurassic rocks represent for the most part marine accumu- 
Intiond that were nowhere deposited in very deep water, nor at a 
very great distance from the old lands to whose waste the detrital 
materials are due. The finer and more tranquilly deposited 
ipaterials, like the clays, are more persistent than the current- 
bedded oolitic and sandy accumlaiions that were deposited in 
shallower water.* 

In certain formations, or subdivisions, only puticular conditions 
of the sea-bed are presented to our view ; with others we find 
evidences of the deposits of deeper and shallower water. In few 
oases are there preserved among Jurassic rocks the marginal 
accumulations that fringed the Paljeozoic lands, and in no instances 
do we find nny abysmal deposits. Estuarine characters appear in 
some of the beds, and these as a rule are shown in the character 
of the organic remains and in the nore abrupt changes in the 
sediments : impure coal-seams are found, carbonaceous si)ales and 
amdstones beconie more prominently developed, variegated clivs 
occur, and the limestones aie less conspicuous. More especially 
do these characters prevail, at certain horizons, as we trace the 
beds northwards, but at the top of the series, the Purbeck beds 
of the south of England exhibit some entirely freshwater accumu- 
lations, as well as actual evidences of land-surfaces. 
; That there was a continuous sequence of deposits in the British 
area throughout the Jurassic period, is shown by evidence obt lined 
■\ • 

♦ See Hull, Quart. Journ. Geol. Soc. vol. xvi. p. 73. 
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in different localilies ; so th«it notwithstanding the physical changes 
indicated by the successive deposits of deeper and shallower water, 
yei some portions of the area uere receiving sedimentary deposits 
daring the period. 

The evidences of transition will be pointed out in the chapters 
dealing with the Lias and Oolites; they arc seen in Passage-beds 
that show the gradual passage of one formation of particular litho- 
logical character into another of dissimilar nature^ or the alternation 
of beds at the summit of one formation with those of a type 
characterizing the succeeding deposit. The classiBcation of these 
Passage-beds, which serve to unite formations accumulated under 
varying sedimentary conditions^ has led to much debate of an 
unprofitable character. Wi)ile, as Sedgwick remarked,* these 
evidences of conformity indicate " the perfect development of the 
series," yet we find abundant evidence of the more ample, or it 
may be said the more eventful, development of a formation at one 
locality than another. This may be mnrked by rich fossil-beds, 
as well as by a greater thickness of deposits, due to more rapid 
deposition of sediment. Hence it liappens that some localities, 
originally chosen to designate formations, are not always the best 
that could have been selected ; but it is obvious, that when the 
meaning of a term is well understood, no advantage can result from 
a change. 

In certain localities, therefore, it is not possible to fix precise 
lines of demarcation between subdivisions ; this is the case with 
the Upper Lias Clay and Midford Sands, the Great Oolite and 
Forest Marble, as well as otlier formations. Again in many 
localities the junctions of formations may be well-marked ; as is 
often the case where the Lower Lias rests on the White Lias 
(Rhaetic), the Upper Lias clay on the Marlstone, or the Fuller's 
Earth clay on the Inferior Oolite. 

The completeness of the Jurassic record is interrupted in many 
instances by local erosion and by unconformable overlap; but 
there is no evidence of great discordance between the stratifica- 
tion of the unconformable strata, such as would indicate very 
considerable local disturbances. Nowhere in Britain do we find 
any evidence of contemporaneous volcanic activity ; and only in 
Yorkshire, the north-east of Ireland, and along the western side 
of Scotland, are the beds affected by the subsequent intrusion of 
eruptive rocks. 

Evidences of local erosion are shown by the presence of pebbles 
of previously formed Jurassic rocks. Among the current-bedded 
oolites the occurrence may be noted of fragments of strata formed 
not long previously, or of portions even of the same subdivision. 
Thus we find rolled pieces of oolite in some of the beds of the 
Inferior Oolite. A«»ain we find rolled pieces of cement-stone or 
ironstone at the base of the Inferior Oolite ,- and in this case the 
pebbles have been formed from a distinct formation, the higher 

* Add. Phil 1820, vol. xzrii. p. 350. 
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portions of which have been sulijected to local erosion. Occa- 
sumaily there may be found smnll and more or less rolled nodules 
of impure and sometimes slightly phosphatic limestone^ the for- 
mation of wliich may have been contemporaneous, (Seep. 72.) 

Pauses in deposition mny be indicatefl by accumulations of 
diflferent genera and species of organic remains, by phosphatic 
nodules and phosphatized fossils^ anil by burrows of Annelides and 
Lithodomi. The evidence of marine borers, however, cannot be 
taken to prove any great lapse of time. In some cases calcareous 
strata must have been consolidated rapidly, for wc find Annelide- 
borings and Lithodomi in successive layers of oolite that belong 
to the same subdivision. Abrupt changes in the character of 
sedimentary accumulations may occasionally indicate a break, but 
such evidence cannot be relied upon. We find throughout the 
Jurassic series frequent alternations of clays with sandstones or 
limestones ; changes that afford no evidence of any break in the 
sequence of events, but which may be attributed ro variaiiona in 
the currents bringing sediment. Even when such sedimentary 
changes are accompanied bj changes in the character of the fossils, 
we have to consider to what extent the nature of the sea-bottom 
has influenced the forms of life. Marked differences in the suc- 
coHsive assemblages of fossils, and a knowledge that elsewhere 
other fossiliferous strata are developed, afford (in the absence of 
distinct unconformity) the means by which local breaks of 
importance may be inferred. 

In a great series of strata that exhibits considerable sedimentary 
changes, it is natural to find many local gaps due to paucity of 
sediment or to contemporaneous erosion. On account of these 
local unconformities and overlaps, diflEerent classifications of 
the strata may be made in different localities. Tlierc is evider.ce 
in some places of unconformity between the minor subdivisions 
of one formation such as the Lower Lias, the Inferior Oolite, or 
the Portland Beds. Thus there may be a break in the midst of a 
formation, while locally it may shade upwards and downwards 
into the overlying and underlying formations. 

Lateral Chatiqes in Formations — Stratir/raphical and 

Pa Iceontological Subdiv ision s. 

Having considered the vertical changes in the strata we may 
briefly allude to the lateral changes. In some cases, formations 
like the Inferior Oolite, the Great Oolite, and Forest Marble 
undergo considerable modifications as the beds are traced from 
place to place ; so that ultimately one subdivision, like the Fullers 
Efirth or Forest Marble, may become replaced or absorbed by 
another stratigraphical division. In other cases the division may 
taper away, not having been deposited further, or it may have 
been denuded. 

These changes in the thickness, lilhological character, and 
extent of the larger Jurassic division?, are but exaggerations of 
what takes places in the minor divisions. A formation may be 
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persidtent over large areas^ and its subdivisions may be very 
inconstant. Such is the case with the Inferior Oolite and the 
Corallian rocks. Sections recorded in different parts of the same 
quarry vary^ as do the records taken at different times. 

The Jurassic rocks thus exhibit certain phases of the sea* 
bottom or of sedimentation^ that endured for longer or shorter 
periods^ the conditions changing more or less irregularly and at 
intervals over the area we have under consideration. The sub- 
divisions of the rocks indicate the domination of certain physical 
conditions over a particular area, and we have to consider the 
probability of certain sedimentary conditions (or formations) 
enduring much longer in one area than in another. We may, for 
instance^ have passage- beds on somewhat different horizons, for a 
formation, such as the Corallian, may merge upwards and down- 
wards into the rocks above nnd below, gradually, and yet when 
traced for some distance, so irregularly that different planes of 
division (in point of actual age) may be taken in different 
localities. This is evidently the case with certain divisions of the 
Juitissic rocks, so that precise correlation is not possible.* To 
some extent palaeontology comes to our aid, although for several 
reasons we cannot depend upon it for fixing the limits of strati- 
graphical subdivisions. 

Each main division of the rocks has been found to yield an 
assemblage of organic remains more or less characteristic, some 
species being (so far as is known) peculiar, others especially 
abundant. Hence when the stratigraphical succession of the 
main rock-divisions has been established in one area, and thttr 
fossils have been detei*mined, we have the means of identifying 
distant or isolated masses of rock by their organic remains, a 
fact of especial importance in reference to strata penetrated 
in deep borings, or thrown out of their normal position by 
faults or other disturbances. 

The entire series of rocks being locally so intimately linketl 
together, it is natural that the series of organic remains should 
also be connected ; and this is really the case, for most of the 
genera and some of the species range through many formations, 
each species indeed, so far as we know, having a varied geological 
and geographical range. These organic remains are for con- 
venience grouped into *' zones," or assemblages characterized by a 
genus or species of wide-spread occurrence ; but the limits of 
these zones are not to be rigidly defined, for as Professor Judd 
has remarked, '* the transition from one fauna to another appears 
to have been in almost every instance a gradual one, the several 
species disappearing individually, and not in groups."t 

It must be remembered that palaeontological divisions are useful 
only when fossils are to be obtained, whereas in a large number 
of exposures the rocks yield few or no fossils, or perhaps none 
indicating a special horizon. Moreover, while we find that 

* See also remarks by Prof. Judd, Geol. Ratland, pp. 50, &c. 
t Geol. Rutland, p. 57. 
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ceriaiii kinds of rock are characterized by forms of life suited 
to the sedimentary conditions they represent, yet the range of 
some species and the incoming of new ones may be quite inde- 
pendent of sedimentary changes. In short, the palceontological 
changes frequently do not coincide with the lithological changes. 

The difficulties in classification and correlation therefore appear 
great, but they are only so because it is sought to make divisions 
where none exist in Nature. Neither by lithological characters 
nor by fossils can we fix persistent planes of demarcation in a 
conformable series of strata, but both are of service in helping 
to fix and correlate those artificial divisions which it is necessary 
to adopt for the purpose of tabulating our knowledge. 

It is important to determine the physical structure of eacii 
district; to represent on maps the superficial area occupied by 
each group of rocks, and to show their relation to the form of the 
ground. Hence the subdivisions of each geological system must 
be mainly stratigraphical ; such divisions are permanent in the 
area to which they refer, although distinct divisions may be 
necessary in the same system in other areas. Purely pal«onto- 
logical divisions must always be more or less vague and indefinite 
80 far as their limitations are concerned, but the artificial division 
of the strata into zones irrespective of the main rock-divisions 
is of essential service in correlating the strata of different areas. 
To these zones further reference wiU he made. 

The position of a barren group of rocks can be usually ascer- 
tained by working out its relations to beds above and below, in 
which beds some distinctive fossils may be obtained ; or the strata 
themselves may in themselves present a sequence of rocks of 
distinctive character, such as would determine their correlation 
with other formations, exhibiting a similar repetition. The sands 
of the Middle Lias and the Midford Sands cannot always 
be distinguished, nor the Lower and Upper Lias clays, nor 
certain beds in the Inferior Oolite and Great Oolite. Many 
other illustrations might be given ; but when we work out the 
stratigraphical relations and find a sequence of Marbtone, Upper 
Lias clay, and Midford Sands; or of Fullers Earth, Great 
Oolite and Forest Marble, the position of the doubtful strata can 
be determined. 

Sections of the Strata. 

In many instances the published records of early date furnish 
our only information of the strata of certain localities. In future 
times this is likely to be more and more the case, for the number 
of open sections every year decreases. This is a fact although a 
melancholy one for geologists. Railways have indirectly been the 
cause. It arises partly on account of the introduction of hard 
road-metal to districts and villages which in former years depended 
entirely on such local stone as was to be found. The '* Mendip 
granite " (as the Carboniferoi's Limestone is commercially mis- 
called), the Hartshill stone, the Charnwood Forest and Mount 
Sorrel recks, and the Clec Hill Dhu stone, are responsible for the 
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closing of many quarries in Jurassic areas. In places too^ the 
slag from iron-fcyrnaces is employed as road-metal. Again, at the 
larger brickyards like those near Peterborough^ where machinery 
is extensively used, bricks of belter quality and cheaper in price, 
can he made than is the case at many a smill out-of-the-way 
brickyard. Consequently many of the latter have been abandoned, 
and more are likely to be. Moreover, owing to social changes, 
comparatively little building is carried on in the villages, com* 
pared with what took place in times gone by. 

There are notes of many open sections, mentioned in John 
Woodward's " Natural History of the Fossils of England," and in 
old topographical works, that show their abundance in regions 
where sections would now be a boon; but it U probably only 
within the last 30 years, and particularly within the last 15 years, 
that so many pits and quarrie3 have been closed. 

The railways themselves have given some compensation in the 
numerous cuttings, but the majority of these are soon obscured. 
Deep borings have added to and are continually increasing our 
knowledge, but they do not afford those happy hunting grounds 
for fossils, which many a stone-quarry and brickyard have fur- 
nished. It must be remembered, however, that many localities 
regarded as very fossiliferous, owe their celebrity to the energy 
of local collectors. 

Fauna and Flora. 

The organic remains, studied in connexion with the sedimentary 
characters of the rocks, give a clue to the physical conditions that 
characterized the successive periods. 

The fauna and flora of the Jurassic system is, on the whole, 
rich and varied, especially when contrasted with the precedinf^ 
and comparatively barren New Red Rocks; and a study of the 
Lias and Oolites takes us to some of the most famous localities 
for fossils. The west of England appears to be the district most 
favoured by collectors, and places such as Lyme Regis, Weymouth 
and Swanage, Yeovil, Chippenham, Stonesfield and Cheltenham, 
have attained a greater fame than other fossiliferous regions 
further north in the area to which attention is now directed. 

A general consideration of the fauna bears striking testimony to 
the imperfection of the Geological Record, especially as regards 
tJie preservation of terrestial forms of life. Mammals, of which 
the earliest traces in the sha})e of Microlcstcs, are recorded from 
the Rhaetic Beds, have been detected in the Jurassic series in the 
Stonesfield Slate and in the Purbeck Beds. These include 
Marsupials and Insectivores. Cetacean vertebra) have been 
doubtfully recorded from the Kimeridge Claj'. 

No traces of Birds have been found in any of the Jurassic 
Rocks of this country * The Dinosaurian Reptiles, of which the 

* Abroad, the Archaopteryx of Solenhofien and the Laopteryx (?) of Wjoming, 
occur in Upper Jurassic Strata. 
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Cetiosaurus and Iguanodon are examples, are considered to have 
been dwellers on the land ; and in the Purbe^ Beds we find 
Macellodus^ the earliest Jurassic representative of the Lizards. 

Insects of all kinds have been found plentifully at certain 
horizons, in the Lower and Upper Lias, in the Stonesfield Slate, 
and in the Purbeck Beds. 

I«and and Freshwater Mollusca occur in some divisions of the 
Oolites, and more especially in the Purbeck Beds ; their occurrence 
in the Lias, according to Mr. E. Wilson, requires confirmation. 

Bemains of land organisms are thus but scantily preserved, 
and the vertebrate remains are extremely rare even in those 
estuarine or fresh-water accumulations where we might expect to 
find them more commonly. There is, however, ground for hoping 
that they may be found eventually at localities and horizons other 
than those in which their remains have at present been discovered. 
Indeed, since these remarks were written, the first British 
Cretaceous Mammal has been discovered, in the Wadhurst Claj', 
near Hastings.* 

Insects, occurring as they sometimes do in purely marine 
deposits, were probably in such cases blown out to sea, or floated 
into the sea by rivers. Drift-wood and lignite occur at various 
horizons. Among the plant-remains, those of Cycads and Conifers 
are the more abundant forms. Ferns are not often preserved: 
many species oriixinally described as ferns are now known to be 
Cycads. Dr. J. H. Balfour speaks of the Jurassic period as the 
reign of Gymnospcnns. The first definiie traces of CycadccB are 
recorded ; none of the forms obtained are very large, but the 
Conifer<B present arborescent types of the first magnitude.f 
Monocotyledons are occasionally preserved. 

Of themai-ineor partially marine forms of life many Reptiles, 
and especially the Ichthyosaurus and Plesiosaurus are characteristic 
(see Figs. 2-6, pp. 37--39). Recent researches tend to show that 
the former genus had a more extended caudal fin than is usually 
represented in figures.f Other Reptiles, more or less aquatic 
in their habits, are the Pterodactyls Dimorphodon and Rham- 
phocephalus ; the Crocodilians Tclcosunrnsy Dacusaurus^ and 
Steneosaurus ; and the Chelonia. No Snakes are known. The 
larger Saurians are more abundantly preserved in the Lias lime- 
stones and clays, and in the Oxford and Kimeridgc Clays. 

The Fishes are well represented and include the Selachians, 
Hybodus^ Acrodus, StrophoduSy Aster acanthus y and Squaloraja ; 
and Ganoids, such as Dapedhis, PholidophoruSy Leptolepis^ 
Lepidotus, and Mesodon {Pycnodus). (See Figs. 8-11, pp. 40, 41.) 
They occur in various strata, but more especially in the lime- 
stones, including the oolitic beds, and in the shales. 

Of Mollusca we find the first traces in this country of 
Ammonites and Belemnites. They occur more or less abundantly 

* A. S. Woodward, Proc. Zool. Soc, 1891, p. 585. 
t Count de Saporta, GeoL Mag., 1872, p. 274. 
J Lydekker, Natural Science, 1892, p. 5U. 
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in the clays and earthy limestones^ and in the sandy strata, but 
rarely in the false-bedded oolitic rocks. The Nautilus is also 
found. 

The Gasteropods and Lamellibranchs comprise mostly genera 
now living. The Gasteropods include Natica^ Pleurotomaria, 
Trochusy Turbo, Chewnitzia, Cerithium, JVerita, Actceonina, 
JAttorina, Turritella^ Patella, and the extinct Alaria, Bourguetia, 
Amherleya and NerincBa : they are most abundant in the lime- 
stone?. 

The Lamellibranchs include Area, Astarte, Avicula, Ceromya, 
Ci/pricardia, Exogyra, Gervillia, Goniomya, Gresslya; GryphcBa, 
Hinnites, InoceramtiSy Lima, Modiola, Monotisy Myacites, Ostrea, 
Pecten, Pernay Pholadomyay Thraciuy Triyoniay and Unicardiufn. 

In several instance the colour-markin-js of Mollusca and 

\' 

Bracliiopoda have been preserved. This has been noticed in 
species of Natica, Nierita, Cyprinay HinniteSy Pecten, Terebratula, 
and Waldheimia* The occurrence has been noted of a ** pearl-like 
body " on a specimen of GryphcBay derived probably from the 
Oxford Clay, but found in the Glacial Drift of Muswell Hill, 

Hornsey.t 

Species of Ostrea and Gryphma often constitute conspicuous 
bands and sometimes thick beds. Tims in the Lower Lias the 
basement-beds are frequently crowded with specimens of Ostrea 
Uassica, and at a higher horizon on the Glamorganshire coast, and 
especially at Frelherne in Gloucestershire, there are bands crowded 
with GryphcBa arcuata. It is interestini^ to note that similar 
l)ands occur as far north as Raa?ay and Broadford in Skye. In 
the Inferior Oolite of the neighbourhood of Cheltenham and 
Stroud, there is the Gryphite Grit, largely made up of specimens 
of GryphcBa sublobata. Varieties of Ostrea acuminata and O. 
Sowerbyi foim a thick band iti the Fullers Earth near ^Vey mouth. 
O. Sowerbyi is abundant in the Forest Marble, and O , subrngulosa 
in the Great Oolite clays. Gryphcea bilobata is characteristic of 
the Kellaways Rock, and large forms of Gryphcea dilatata 
are prevalent at the top of the Oxford Clay. Ostrea deltoidea 
forms bands in the iron-ore of Westbury in Wiltshire at the top 
of the Corallian rocks, and also at the base of the Kimeridge Clay. 
In the Lower Portland Beds at Swindon there is a marked layer 
largely made up of Exogyra bruntrutanay and in the Purbeck Beds 
of Dorsetshire and Wiltshire there is the remarkable Cinder Bed, 
formed mainly of Ostrea distorta. 

Some of the species of Lamellibranchs have a wide range: 
among these maj' be mentioned, Lima duplicata, L, pcctiniformiSy 
Avicula ina^qnivalvisy Pecten demissuSy P, lens, &c. 

Brachiopoda are exceedingly abundant in the calcareous strata, 
and like the oysters there are species that occur gregariously, and 



♦ Lycett, Ann. Nat. Hist., 1850, p. 423 ; J. F. Blake, Quart. Journ. GeoL Soc, 
Tol. xxxvi., p. 201 ; G. F. Whidborne, Ibid., toL xxxix., p. 499 ; E. Wilson, Qeol. 
Mag., 1891, p. 458. 

f Morris, Ann. Nat. Hist, ser. 2, vol. viii., plate 4, fig. 16. 
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characterize different horizoDS. Some Palaeozoic forms like Spirit 
ferina and Lepiana have lingered on to Liassic times, wliile some 
new genera like Thecidium make their appearance. Most 
abundant are species of Rhynchofiella, Terebratula^ and Wald- 
heimia. Polyzoa are found abundantly in some of the calcareous 
strata. 

Crustacea are well represented, although the larger forms are not 
particularly abundant. The chief groups had appeared previous 
to Jurassic limes. The Macroura include Eryon and Glyphea. 
Isopods are occasionally preserved, while 0.stracods have been 
found iu abundance at certain horizons. 

Of the Insects, though the remains that have been obtained 
indicate a great number and variety of forms, they are mostly frag- 
mentary, consisting of wings and elytra. Annelides, represented 
by Serpuluy Ditrupa^ and other genera are not uncommon. 

Echinodermata are plentifully preserved in the limestones, and 
more especially in the oolitic beds. The Crinoids include 
Pentacrinusy Extracrinusy and Apiocrinus. The Star-fishes are 
represented by Ophioderma^ found in calcareo -arenaceous strata. 
The Echinoids include Acrosaleniay Cidaris, Hemicjdaris, Echino- 
brissusy Clypcusy and many other genera. 

Corals are plentiful at particular horizons, in the calcareous 
strata. In the Lias they occur abundantly at but few localities. 
In the Oolites we find occasional Coral-banks of somewhat 
limited extent, but little or no evidence of particular reefs. The 
more abundant genera include Evnomiay Isastrceuy Monflivaliia, 
Siylinay Thamnasirccay and Thccosmilia, 

Hydrozoa arc represented by a form allied to Solenopora. 
Sponges are rare ; a few marine and one freshwater species have 
been recorded. Numerous Foraminifera have been obtained, 
mostly from particular beds and localities. 

Preservation of Fossils, 

While organic remains are as a rule more varied and abundant 
in the limestones, the fossils are not always so well preserved as in 
the clays. In the limestones the shells of the Mollusca, and 
frequently the Corals, may be replaced by structureless calcite. 
Occasionally as in the Portland ** Roach," the shells have been 
entirely rciTioved, and we have moulds and interior casts remaining. 

In the cla}s the fossils are usually well preserved, and sometimes 
when the outer layers of Molluscan shells have disappeared they 
exhibit their inner nacreous layers. Such iridescent fossils are 
to been seen in theLias of Watchet and other places, and in the 
Kimeridge Clay of Brill and Market Rasen. 

In the sandy strata we find comparatively few fossils ; and as 
noticed by Mr. Clement Reid,* loamy sands appear to be very poor 
preservers of fossils. This is notably the case with the micaceous 
sandy loams of the Middle Lias. The fossils in many cases 

- 
*** Pliocene Deposits of Britain, p. 132. 
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have been destroyed by the influence of carbonated waters, whose 
action may be greater when the percolation is slow. Belemnites, 
Pectene, and Oysters frequently remain when other calcareous 
organisms have perished ; but the shells of these fossils are formed 
of calcite, and, as pointed out by Dr. Sorby,* they are more stable 
than sheik formed of aragonite. Limestones formed of broken 
or comminuted shells, such as the Ham Hill Stone (Inferior 
Oolite) and the Forest Marble, consist largely of fn^ments of 
Pecten and Ostrea, 

In many brickyards the fossils are most abundant in the deeper 
part of the working, and sometimes they appear only in such 
situations. This is irrespective oF any special horizons, and is no 
doubt due to the fact that specimens from the higher exposed 
strata have been obliterated by meteoric agencies. This loss is 
sometimes occasioned by the decomposition of iron-pyrites and 
the formation of selenite from the calcareous matter of the fos8il8.i* 
Belemnites, however, are more frequently preserved near the 
surface than some other forms. In pyritic clays the shells of 
Ammonites and other fossils are sometimes entirely replace<l by 
pyrites. 

Many oF the Fossils found in clays are much compressed, and 
uncrushed forms must be sought in the septaria and other nodules 
that may occur in the formation. The varying thickness of day- 
beds in some localities may be due to unequal compression of 
the strata. 

Characteristic Fossils — FossiUbeds — Zones* 

The fossil contents of each formation vary as might be expected 
in different localities, even on the same approximate horizon. 
Fossils are more or less sporadic in their mode of occurrence. 
Beds are comparatively barren^ or rich in fossils within short 
distances. In one area Cephalopoda prevail, in another Lamelli- 
brnnchs, in a third Brachiopoda, in a fourth Corals, and so on. On 
this account it Is impossible to give lists of the characteristic and 
abundant fossils of any formation that are of more than general 
value ; some species being common in one or more areas and rare 
in others?. This is the case with the species of Cardinia and 
Hippapodium in the Lias, with the Ammonites and Brachiopods 
of the Inferior Oolite, &c., and it is natural, especially with gre- 
garious forms or those dependent on certain conditions of sea-bed, 
&c. Thus we find many fossil-beds at various horizons ; some 
characterised by one species, others by two or more species of the 
same genus, or by several genera. 

It appears best to designate these beds by the generic as well as 
the specific name oF the prominent fossil, although this plan has 
not always been adopted. In the Inferior Oolite certain species 
are prevalent at various horizons, such as Clypeus Plotiiy Tere- 

* Address to Geol. Soc, 1879 ; V. Cornish and P F. Kendall, Geo!. Mag., 1S8S> 
p. SC. 
t See Duncan, Quart. Joum. Geol. See., vol. £xii. p. 1 2. 
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hratula globata, T.Jimbria^ and Rhynclionella cyyiocephcUa. These 
beds have been variously named the '' Clypous grit/' the ^' Olobata 
bed," the " Fimbria stage,^ and the ** Cynocephala stage.^ These 
fossU-beds, although local, often occur at definite stratigraphical 
horizon& In other instances we have Saurian, Fish, and Insect 
Beds ; beds which may be expected to occur on various horizons. 

It is noteworthy that where formations attain a great thickness, 
they are less fossiliferous than where they are thin. Such is the 
case with certain beds in the Lower Lias near Radstock when 
compared with the equivalent beds elsewhere, and \vith the Inferior 
Oolite of Dorset when compared with the thick series near Chel« 
tenham. Such variations indicate a paucity of sediment in certain 
areas. Similar results are met with in certain fossil-beds that 
occur at the base of formations, when some lapse of time no doubt 
occurred without any particular addition of sediment. The Brad- 
ford Clay fossil-bed, and the " Transition Bed " on top of the 
Middle Lias may be cited as instances. In such situations derived 
and phosphatised fossils sometimes occur ; and at other times the 
leading fossils of a formation may be found locally in fossil-beds, 
as is tbe case in the Inferior Oolite of Dorsetshire. 

The general succession in the life-forms as we ascend the 
geological scale is manifest, and it is convenient to separate 
successive assemblages of fossils under the name of '^ Zones.^ 

It is found that while many species are restricted according to 
the nature of the sea-bed, others have an extended range, occur- 
ring far and wide over the marine area within which the 
European Jurassic strata were deposited. The extent of this area 
probably varied from time to time during the Jurassic period, but 
during some portions of it there was connexion with strata now 
found in North Africa, Madagascar, India, Australia, North and 
South America, and the Polar Regions. The full consideration of 
these matters must however be postponed for the final volume. It 
may, however, be mentioned that some common European Jurassic 
species, or closely allied forms, have been found in all the areas 
above mentioned. 

The significant fact is that many specific forms occur over wide 
areas, and in the same relative order of succession, thus indicating 
the '' practical synchronism" of the deposits in which they are 
entombed. Allowance must of course be made for time occupied 
in migration, but the results of modern research tend to show that 
the accumulations formed during such intervals, are small compared 
with the deposits that were contemporaneous. 

Among the forms that extend over wide areas in Jurassic times, 
species of Ammonites are the most important, and next to them 
may be ranked the Brachiopods, some of the species of which 
appear to have freely migrated without reference to sedimentary 
conditions. Belemnites also are of importance, but the species 
are difficult to distinguish. 

2^nes may thus be defined as palseontological horizons. They 
are assemblages of fossils that occur in a more or less definite 
sequence, and mark stages in the life-history of the rocks. They 
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are, in the cose of the Jurassic rocks^ usually distinguished by the 
name of a prominent fossil, and Ammonites where possible are 
selected as indices^ because their vertical range is usually more 
restricted than that of other characteristic fossils, different species 
are found in succession, and many of them occur over wide areas. 
Thus we have the zone of Ammonites Bucklandi in the Lower 
Lias ; the zone of A, Parkinsoni in the Inferior Oolite, &c. 

In this definition of a zone it must be borne in mind that no 
one of the species enumerated as belonging to the assemblage, 
may be confined within the limits assigned to the zone. Even the 
index-species may range, though less commonly above and below 
it, and may be absent locally from the zone it is taken to represent. 
Thus while a zone is a zoological division, and signifies, as 
Professor Tate has remarked,* rather an assemblage of species 
than the range of an Ammonite; yet the assemblage will be found 
to vary in different areas, as many of the forms that occur will 
have been restricted by the sedimentary conditions. 

The identification of .i zone must primarily depend upon the 
occurrence of the index-species, and of wide-spread forms that may 
accompany it, or of sligiiiiy different buc representative species. 
The stratigraphical sequence of the assemblai^es found in different 
areas is again of the greatest importance in identifying zones and 
in determining correlation. The rocks too in places are barren of 
organic remains, so that the absence of zonal species and their 
accompaniments affords no necessary proof of unconformity. In 
cases where the index-species is rare or unknown, other species 
have locally been taken to mark zones, but on general grounds this 
course is not to be recommended. 

It is important to distinguish between fossil-beds that contain 
a marked abundance of one or more species, and zones ; for zones 
may include tme or more fossil-beds, such as those to which atten- 
tion has previously been drawn. 

As noted in the account of the Lias, observations made on a 
large exposed surface of a formation show the variable character 
of the fossils preserved, whereas in a cliff or cutting we can seldom 
explore any great superficial extent of strata ; our observations are 
usually confined within a few inches, or at most a few feet. Thus 
one observer may find a species only within certain limits, whereas 
another may obtain evidence to fix the range quite differently. 
Many fossils are thus preserved at different horizons, and while in 
one place species may have a restricted vertical range, elsewhere 
the range may be much greater. In most cases the limits 
assigned to species are based on negative evidence, and sub- 
divisions based on the ascertained local range of any particular 
species may have but little value. Zones therefore are not 
always to be identified from the occurrence of any one specimen, 

* Quart. JoQm. Geol. Soc., vol. xxiii. p. 300. See also Duncan, Supp. to Brit 
Foss. Corals, Part iv.. No. 1 , pp. 2 to 4 ; Jndd. Geol. Rutland, pp. 4S, &c., Quart. 
Joum. Geol. Soc., vol. xxxiv. p. 704; and H%B. W., Proc. Geol. Assoc., vol. xii. 
p. 295. 

B 2 
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though a single characteristic species may furnish a reliable clue 
to the general horizon. 

Where precise divisional planes are taken between zones, it is 
where some more or less marked lithological change takes place ; 
but such divisions liave at most but a iDcal value. Where 
ditfierent zones occur in a series of clays that present no 
prominent lithological distinction, as is the case with the zones 
belonging to the Lower and Middle Lias Clays, the Upper Lias, 
the Oxford and Kimeridge Clays, only approximate boundary-lines 
can be affixed. Nevertheless tiie sequence of different assemblages 
can be followed better in the ^reat deposits of clay and in the 
limestones of more or less detrital and sedimentary origin, than in 
the false-bedded oolites and sandy strata where the beds are im- 
persistent and the fossils less frequently and less perfectly pre- 
served. 

It will be generally admitted that zones, occurring as they do 
irrespective of sedimentary conditions, and comprising a number of 
species with varying 'geographical and geological ranges, have no 
exact limitations ; and thus the requirements of the geologist can- 
not always be reconciled with the demands of those who would 
subdivide our strata purely on palseontological evidence. 

The great value of zones is in marking the sequence of organic 
remains, and in furnishing material for correlating, in a broad way, 
strata that are far apart Moreover these pals&ontological di\isions 
furnish convenient horizons for those engaged in working out the 
biological history of species. 

Comparisons between the British Jurassic strata and those met 
with on the Continent and elsewhere will be left for the final 
volume.* It will be found that distinct stratigraphical divisions 
must be made in different areas, while the main palseontological 
horizons will be found to correspond in a remarkable degree over 
wide areas. Among the numerous zones it has been sought tr> 
establish, many have but a local importance, losing their individu- 
iJity among the strata over more extended tracts. Such minor 
zones or '' nub-zones " are sometimes useful, but there is practically 
no end to the number that might be made. 



* See Table by C. Fox-Straogways, Jurassic Kocks of Yorkshire, vol. i. p. 91. 
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CHAPTER IL 

THE LIAS. 
General Account of the Strata. 

The term " Lyas " was einplojed in a geological sense as early 
as 1719 by John Sirachey, who then gave a brief account of the 
strata above the Coal-measures in Somersetshire.^ Indeed, it 
has been thought that the name Lyas or (as we now spell it) 
Lias, originated as the name of the Somersetshire quarrymen for 
the argillaceous limestone-beds that form the lower part of the 
Liassic formation ;t beds that during many centuries have been 
quarried for building-stone and lime-burning. It is quite 
possible the word is a corruption of layers or liers, and it is 
noteworthy that the term ** Lias " is in use by quarrymen for 
somewhat similar bands of limestone that occur in rurbeck Beds^ 
Great Oolite and other formations. It has however been 
suggested that the name may be of Norman extraction, and 
derived from the French Liais.X 

William Smith in 1799 grouped the strata as follows : — § 

Blue Marl = Upper (in part), Middle, and Lower Lias clays. 

Blue Lias = Lower Lias limestones. 

White Lias = Rhaetic Beds (top part). 

He took his classification from the country near Bath, where 
the Marlstonc is not prominently developed, and at first some 
confusion arose in the grouping of that division with respect to 
the Upper Lias, a confusion that existed when Conyln^are in 1822 
arranged the strata in the following order :— 



wj , _ / Upper (in part). Middle, and Lower Lias 

Q. X 1- 1. J / Blue Lias - Lower Lias limestones. 

Stony or true has beds = j ^^j^j^ y^ . 

, , r Black Shales I Rhaetic Beds. 

Lower marles - -{ Grey Marls J 

To John Phillips we owe our present grouping of the strata 
into Upper, Middle and Lower Lias ; divisions which he estab- 
lished in 1829 from a study of the Yorkshire Lias, and which 
have been found applicable to other portions of the country.^ 
Hence the strata have come to be grouped as follows : — 

Upper Lias • Chiefly Clay. 

Marlstone and Ironstone (Rock Bed). 
1 Micaceous sands and clays. 
Clays. 
Limestones and clays. 



Middle Lias •< 
Lower Lias --< 



♦ Phil. Trans., yoI. xxx. p. 968. 

t De la Beche, Beport on the Geology of Cornwall, &c.» p. 41. 
X Applied to a hard freestone (Bret, leach, a stone ; Qael. /ear, flat stone). 
§ Memoirs of Yf. Smith, hy .1. Phillips, p. 146. 

Il Conybeare and W. Phillips, Outlines of the Geology of England and Wales, 
p. 261. 
^ Geology of Yorkshirt ,^Part T. 
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We have thus a great group of strata that lie above the White 
Lias and its equivalents (belonging to the Rhaetic Beds), and 
below the oolitic limestones and associated strata of the Inferior 
Oolite Series. In mass it is an argillaceous series, consisting of 
bluish-grey shales, clays, and marls, with layers of argillaceous 
limestone and nodular masses of limestone (cement-stones and 
septaria), with thick beds of sand and calcareous sandstone, 
ferruginous earthy and sometimes oolitic ironstone and limestone 
(marlstone). 

The Lias attains a thickness of about 900 feet in Dorsetshire, 
decreasing to about 280 feel at Balh, and becoming more 
attenuated under Oxford. It expands again to 1,360 feet in North 
Gloucestershire, 760 feet at Northampton, 800 feet in Rutland, and 
about 950 feet in parts of Lincolnshire. In Gloucestershire we 
find a complete and unbroken series, and, with the exception 
perhaps of the Upper Lias, the same is the case in Dorsetshire ; 
but in parts of other counties the sequence is to some extent 
interrupted, there being symptoms of a break between the Upper 
Lias Clay and overlying Oolifiic strata. 

On the whole the general characters of the beds are fairly 
persistent, although in places where the Lias fringes the PalaBozoic 
rocks, some striking modifications are met with, and the strata 
become much attenuated. The rock-beds of the Middle Lias 
are the most variable in the series. 

The relations of the Lias to the Rhsetic Beds below and to the 
Inferior Oolite Series above will be discussed further on. It 
may however be stated that the Lias and Rhsetic strata are 
usually conformable, and over large areas the Lias and Inferior 
Oolite exhibit evidence of such gradual passage that no hard line 
of division can be fixed, and consequently opinions vary on the 
question of grouping particular layers. These passage-beds 
between the Lias and Inferior Oolite, known as Midford Sands, 
form a convenient stratigraphical division that is of local 
importance ; but it may be freely admitted that from a pakdonto- 
logical point of view these Sands include portions of both Upper 
Lias and Inferior Oolite, the equivalents of which elsewhere may 
more definitely be separated. 

The general character of the changes met with in the Liassic 
formation are shown in the accompanying diagram. The vertical 
scale being so much in excess of .the horizontal, an unnatural 
appearance of disturbance is ]>roduced in the vicinity of Bath 
where the beds are much reduced in thickness. The object of 
the diagram is to picture th(^ main changes that the strata 
undergo ; and it will be seen that the irregular development of 
the Lower Lias limestones, and the persistent nature of the 
junction between Middle and Upper Lias, are the more striking 
features. {See Fig. 1.) 

With regard to the former extent of the Lias, we have evidence 
of the margin of the old sea at certain points on the M ndips 
and in Glamorganshire, but it is probable that these land-areas 
were only islets. We know not how far the Lias extended over 
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what is now Devon and Cornwall. In West Somerset, where the 
Lias approached the Devonian rocks near Watchet and Porlock^ 
it does not present conglomeratic conditions. ItA relations with 
the old rocks where in contact, suggest faulting, and that the 
Quantock and Foreland ranges formed no part of the land-area 
in Liassic times.* 

In Monmouthshire the Lias presents its ordinary characters, 
dipping away somewhat abruptly from the preseiit margin of Old 
Red Sandstone : so that formerly it may have stretched much 
further west. We have no indication there of marginal deiK>sits. 
'ITie Severn valley and the plain stretching towards Chester must 
have been covered by Lias continuous with that of the re^t of 
England. Referring to the Jiurassic rocks of Cumberland, both 
Mr. J. G. Goodchilu and Mr. J. E. Marr have remarked that 
there is no reason why these and newer Mesozoic rocks should 
not at one time have extended over the area now known as the 
Lake Distrlctt 

In the south*cast of England we know that the Lias does not 
extend beneath London, nor has it been fouiul in any deep borings 
between the metropolis and Harwich. It occurs beneath Peter- 
borough and Oxford; and must terminate underground towards 
the south-east, some where between the sites of those cities and 
Harwich, Ware, London and Richmond. We can form no idea 
of its extent under Hampshire and Sust^x, although the evidence 
at our command suggests that in parts of the south-east of England 
the Lias is banked up against an old coast-line of the Palawzoic 
rocks, and is overlapped by the Oolitic Series. 

Organic Remains. 

The Lias as a whole is rich in organic remains, and these for 
the most part are well preserved. The large Saurians dominated, 
and hence the period has been designated the Age of Reptiles or 
Saurozoic Epoch. Chief among these are the Ichthyosaurus^ 
Plenoiaurus (see Figp. 2-7, p. 37), and Dimorphodon (Ptero- 
dactyl). Some tiny examples of Ichthyosaurus have been found 
within the pelvis of parent forms, leading to the conclusion that 
the animal was viviparous. ^ The Fishes include many genera, 
such as AcrodiLSf Dapedius^ EugnathuSy Hybodus, LeptoUpisy 
PachycormuSy and Pholidophorus. (See Hgs. 8-11, pp. 40, 41.) 

Most abundant, and geologically speaking most important, are 
the MoUusca. In this countrv we find the first evidence of Am- 
monites and Belemnites, and of other genera such as Alaria^ 
Amberleya, Nerita, Exogyra^ Gresslya, Goniojnya, Hofnomya, 
Hippopodium^ OpiSy and Trigonia, The more abundant Gastero- 
pods are Cerithium, Pleurotomaria, Trochus, and Turbo. Car- 



* See also De la Beohe, Mem. Geol. Surrey, vol. i. pp. 850, &c. ; and Ussher, 
Froc. Somerset Arch. Soc., vol. xxxv. section 4, on Qeol. map of West Somerset. 

t Trans. Cumberland Ahmoc., No. xiii. p. 95 ; and Geol. Mag. 1SS9, p. 154. 

J J. Chaniug Pearce, Aim. Nat. Uint, vol. xvii. p. 44 j Seeley, Rep. Brit. Assoc, 
for 1S80, p. 69. 
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diniay found also in the Rhfetic Beds, is especiallj characteristic 
of the Lias.* Many of the MoUusca date from the Trias and some 
fi*om earlier periods: there are few genera of Gasteropoda or 
Lamellibranchs peculiar to the Lias, but among the former, 
CryptcBfiia maj be mentioned. 

Brachiopoda are abundant : we find the last representatives of 
the Palaeozoic forms of Leptcenay and Spiriferina; while Tere^ 
bratella, Zellania^ &c. appear for the first time. Crustacea of the 
genera Eryon^ ^ff^r^ Glyphea, &c. are found, and some species 
are not uncommon. Of the Arachnida, one doubtful example of 
an aquatic Spider has been recorded. 

Insects, or remains of them, are plentiful at certain horizons. 
None of the forms are very distinct from those now in existence. 
Thej include Orthoptera, Diptera, Neuroptera, Coleoptera, and 
Rhjnchota (Hemiptera) ; and they indicate a temperate climate. 

Crinoids such as Pentacrinus and ExtrcLcrinus are locally 
abundant. In some cases the stems of Extracrinus exceed 
50 feet in length. Some forms of Echini such as Cidaris and 
Uempedina, and of the Coral Montlivaltia, are plentifiil in places : 
but as a rule Echini, Polyzoa, and Corals are rare. Many Fora- 
minifera have been recorded. 

Lignite is met with here and there, and some plant-remains 
belonging to the genera Pachyphyllum (Araucarttes\ Otozamites, 
&c., have been found. On the whole the Cycadacese appear to 
have been more abundantly preserved than other plant-remains. 

Zones, 

A study oF the fossil contents of the Lias has led palseontologists 
to make certain divisions or *^ zones/' based upon the succession 
of the organic remains. 

That certain groups of fossils characterize successive stages in 
the Lias was pointed out by Louis Hunton in 1836. His obser- 
vations applied to Yorkshire, where he was followed by W. C. 
Williamson and others.f In the south of England the sequence 
was noted in 1839 by De la Beche4 in 1840 by Strickland,^ and 
in 1842 by James 6uckman.|| It was not, however, until after 
1856, when Oppel published his ** Juraformation," that any 
systematic attempt was made to define and follow out these sub- 
divisions in our country. The work of Oppel was based cm that 
of Quenstedt, yet he not only amplified our knowledge of the con- 
tinental strata, but showed that the main palaoontological divisions 
were applicable to this country. His work has been followed up 
by that of Thomas Wrightlf and many others. 



* See also B. Tate, Oeol. Mag. 1871, p. 5. 
t See C. Fox-Strangwajs, Jurassic Bocks of Yorkshire, p. 16. 
X Beport on the Geologjr of Cornwall, &c., p. 287. 

§ Proc. Geol. Sec., vol. lii. p. 815 ; Trans. Geol. Soc., ser. 2, vol. yi. p. 552. 
II Moxon's Geologist, p. 16 ; Geol. Chart of the Cotteswold Hills, 1848 ; Murchi- 
Ron's Gtool. Cheltenham, Kd. 2. pp. 41, 8cc. 
^ Quart. Joum. Geol. Soc., vol. xvi. p. 411. 



26 LIAS OP KNGLAND AND WALES: 

A prominent species of Ammonite was usually taken as the 
index to the zone. Ammonites however were not always to be 
found, and recourse was had in some instances to a Crinoid, a 
Brachiopody or other fossil. The value of these zonal divisions 
has been questioned, because owing to the local absence of Am* 
monites, and the rarity of other fossils^ the zones may often be 
indeterminable. Moreover the tendency to assign definite limits to 
them is apt to create a feeling of distrust. There can however be 
no question of the truth of the general sequence of organic remains 
in the Lias, a sequence that can be verified by any one who will 
devote three or four weeks to the Lias cliffs of Dorsetshire. 
Certain groups will be found in sequence, and experience shows 
we may look in vain for Ammonites planorbis or A, Bucklaruii in 
the higher beds of the Lower Lias, and we should be equally at a 
loss to find A. capricornus or A, Henleyi in the Basement-beds : 
yet no one can fix definitely the limits of the several zones. 

The local lithological divisions do not necessarily coincide with 
the limits within which the index-species of zones may occur 
in abundance. For instance the limestones of the zone of Ammonites 
Buchlandi are locally replaced to a large extent by clay. Never- 
theless the succession of the Liassic strata exhibits some fairly 
persistent types of rock, that accord generally with the fossiliferous 
horizons. This is the case with the basement-beds both of Lower 
and Upper Lias, with the rock-beds of the Middle Lias, and vnth 
some of the pyritic shaleis of the Lower Lias. 

While some species of Ammonites appear to have a restricted 
range,, there are others that endured for much longer periods, and 
so do not lend themselves to zonal groupings. Thus the value of 
selected index-species varies in different areas, for there is no 
reason to believe that the range of any one species was confined 
over a large area within the same time-limits. Experience 
however tells us that when we find our index- species in fair abun- 
dance, together with forms usually associated with it, we may 
confidently assign the strata to the particular zone. To some 
extent we find that the associated species vary as we trace the 
beds across country, for species of Cardinia^ Hippopodium, and 
other forms are prevalent locally at certain stages. Nevertheless 
the most important factor in the faith in zones is that the in- 
coming of the species of Ammonites occurs in a regular sequence, 
and that there is no inversion in the order of the prominent 
groups of fossils. 

We have no evidence to show that any one zonal species was 
exterminated before another came in, in fact we find the earlier 
predominant forms lingering on beside each succeeding species. 
There is thus a blending of the zones, where the succession is 
gradual and complete, but this in no ways interferes with the fact 
of the gradual succession of different forms of life. The great 
difiSculty often is to decide how many zones it may be desirable 
to indicate. The more detailed study of particular districts shows 
that we may introduce zones of a more or less local character, 
zones which are established on the evidence of the prevalence of a 
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particular speoies within certain ascertained limits. So far as 
}K)ssible these zones will be indicated in the course of this work, 
for they may be useful in instituting comparisons with strata else- 
where ; but it must be clearly borne in mind that the non- 
recognition of any zone, owing to the absence of the index-species, 
is no proof of any break in the succession. 

Zones marked by one species may be represented locally by 
a different, and perhaps closely allied form, as in the case of 
Ammonites capricornus an-l A. Henleyiy of -4. Turneri and A, 
semicostatus, or of ^. planorhis and A, Johnstoniy &c. 

The inability to define the stratigraphical limits of zones in a 
series of comparatively uniform clays, renders it difficult in many 
cases to prove their continuity, and it may be admitted that the 
strata assigned to particular zones in different parts of the country 
cannot be regarded as precisely or entirely synchronous. It is 
however enough to admit the general contemporaneity of beds, 
without attempting to fix particular limits for sediments that were 
continuously deposited. 

It is indeed remarkable that throughout the Lias, which is 
essentially an argillaceous formation, with here and there more or 
less marked bands of limestone and with local divisions of sandy 
strata, there is such a marked change in the forma of Ammonites, 
not to mention other species, that are met with at successive 
stages. In the higher divisions of the Lower Lias and the lower 
})ortion of the Middle Lias there is an unbroken series of clayey 
sediments, and we have no reason to conclude that their deposition 
was other than tranquil and uniform over considerable areas. 
Yet we find a tolerably distinct series of Ammonites coming on 
in succession, and other changes in the fauna, independent of the 
conditions of sedimentation.* Such a repetition of similar con* 
dilions attended by gradual changes in the character of the fauna 
is met with in the Chalk. It seems probable that the changes 
were brought about by slow, and perhaps occasionally by rapid, 
subsidence, connecting areas previously separated to a greater or 
less extent ; whereby different species became introduced, and in 
some cases those already existing in the area may have become 
modified. Physical changes that affected the food-supply of 
MoUusca no doubt influenced the forms of life. Moreover species 
that had a prolonged individual existence became modified in 
their old age, so that certain so-called species are admitted by 
some authorities to represent stages of growth as in the case of 
Ammonites capricornus and A, Henleyi ; while many other species 
are linked together by intermediate or "exallagous" forms to 
which the name of " mutations '\ is given.f 

Formation of. the Rocks. 

There are many stratigraphical facts that lead to the conclusion 
that the Lias limestones were to a considerable extent sedimentary 

* See also K. Tate, Quart. Journ. Geol. Soc., vol. xxvi. p. 401 ; Tate and Blake 
Yorkshire lias, p- 317 ; and H. B. W., Froc. Geol. Assoc , vol. xii. p. 806. 
. t See J. % Blake, froc. Geol. Assoc, vol. xii. p. 277. The word << exallagott^ ^! 
was introdaced by J. ^. Marr, Natural Science, April 1892, p. 125. 
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iu their character, and that they were derived more or* less 
mechanically from the waste of the older rocks that formed land- 
areas during the Liassic {>eriod. The limestones themselves are 
for the most uart earthy and ar^llacoous, so that the materials 
constituting the mass of the Liassic strata might have been 
derived from the waste of Paleeozoic limestones and shales ; these 
old rocks being ground into calcareous mud by the breakers on 
the sea-shore or along the borders of a turbulent estuary. This 
view is indeed maintained by Messrs. Tate and Blake« who speak 
of the calcareous portions of the Lias being derived from pre- 
existing strata, and not directly from organic remains.^ At the 
same time throughout the Lias the stratA bear evidence of 
tranquil deposition , and only occasionally has any evidence of 
current-bedding been observed. 

It will be noted that the limestones which occur at the base 
both of the Lower and Upper Lias are locally termed Fish and 
Insect Limestones, their peimliar characters being originally made 
known by the labours of the Rev. P. B. Brodie and H. E. 
Strickland. Where definite evidence is obtained of the proximity 
of old land as in Glamorganshire and along the Mendip Hills, 
limestones are prominently developed, sometimes to the exclusion 
of clays and shales ;t an(l in the Kadstock area, where the beds 
are much attenuated, the higher stages of the Lower Lias, elsewhere 
mainly represented by clay, are there for the most part limestone. 

The general evidence goes to prove that the limestones, and the 
alternations of limestone and shale, were accumulated in water 
that was shaUower than that of the mass of the clays.^ As we 
ascend the series in the Lower Lias, the limestones become less 
and less prominent, and the upper portions of the series are 
almost entirely argillaceous Of a clayey nature also is the base 
of the Middle Lias ; but higher up there are alternations of sands 
and clays, and, at the top, the impure and sometimes highly 
ferruginous limestones known as the Marlstone. Again in the 
Upper Lias the series commences in a thin group oi limestones 
and days and passes up into a mass of clays and shales. Thus 
the conditions appear to be as follows: — 

Upper ya.{a^„^;„dcl.;. " ' ^^ "^^ 

r Marlstone - 
Middle Lias •< Sands and clays 

LClays 

Lower Lias { S^^es and clays 

The occurrence of shallower-water deposits in a continuous 
series of strata may be attributed partly to changes in currents 
brought about by the shallowing of the sea-bed, owing to increase 
of sediment, and partly to the effects of denudation, whereby fresh 
rocks were brought under the influence of the erosive agents 

* Torkghire Lias, p. 215. 

t See also De la Beche, Mem. Geo!. Snrvey, vol. i. pp. 876-87S. 

X In the Museum of Practical Geology there is a specimen of Lower Lias lime- 
stone from Barrow-on-Soar, that nhows minnte current-bedding: a feature of rare 
occurrence in that formation. 



> Shallower water. 

y Deeper water. 
Shallower water. 
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acting along a coast-line. Similar effects might be proiiiiced 
locally by slight depression. 

The evidence of this shallower-water formation of the lime- 
stonci^, is on the whole stratigraphical rather than palaBontological, 
and it must not be forgotten that there are Hreas, such as Lyme 
Regis and Rugby, where the limestones at the base of the Lias 
are weli-developed, and where we have no evidence for or against 
the proximity of land. Again on the eastern borders of the 
Bristol coal-field, where the Lias comes occasionally into direct 
contact with the Pal8d02x>ic rocks, limestones are not prominently 
developed. The occurrence of Insects is suggestive of the 
proximity of land, although they may have been blown out to 
sea, or floated down rivers. Occasional small masses of lignite 
are found, and Grastero{K>da as well as Saurians, are fairly abundant 
in some of the limestones. 

The questions that arise concerning the limestones are to what 
extent the calcareous mud was deposited more or less mechanically 
or precipitated chemically; and to what extent the calcareous 
matter was derived by mechanical abrasion, and by the accumu- 
lation and deciiy of organisms and of material voided by them. 

The stratigraphical evidence shows that there must have been 
considerable though variable accumulations of highly calcareous 
mud. The limestones and shales of the Lower Lias occur in 
more or less rapid alternation. Some of the limestones, found in 
persistent layers, present markedly irregular surfaces, being more or 
less protuberant or nodular, while the separating bands of clay or 
shale contain nodules and lenticidar masses of limestone. It 
seems most rea^nable to believe that in these cases the calcareous 
matter segregated from the more argillaceous portions of the mud. 
The same would have been the case with the nodular limestones 
or cement-stones and septaria that occur in the mass of the clays, 
and in particular with those Upper Lias nodules that enclose 
remains of Fishes, &c.* In other cases where the limestones o<K^ur 
in comparatively even l>ands,they are usually more or less striped 
and laminated, and they pass by insensible gradations into calca- 
reous shale. Such is the case with the Insect Limestones and 
associated strata in the Lower Lias, and their sedimentary origin 
can hardly be doubted. 

This subject of the more or less detrital origin of the Lias 
limestones has occupied my attention during the past eight years, 
but I was unaware, until the above remarks were written, that 
Prof. Sollas, had in 1879, published some notes on the same 
subject These notes were printed in a paper dealing with the 
Silurian district of Rhymney, near Cardin.t After stating the 
evidence on which he concludes that the oomstones of the Old 
Red Sandstone originated from mechanically-formed sediments, 
he points out that there are other instances in which limestones 
have been derived " from sediments which have been carried in 
suspension and strewn out in deposits, in just the same fashion as 

* See De la Beche, Beiearebet in Theoretical Geology, pp. 95, &c. 

t See Quart. Joum. Geol. Soc., toI. xxzv. p. 492 ; see also vol. xxxix. p. 614. 
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clay or any other mechanical sediment may be. The conglome- 
rates of Mountain Limestone formed on ancient beabhes of the 
Lias are a case in point ; and the pebbles of these conglomerates 
nre frequently as well rounded as any we can find on a beach at 
the present day. What has become, then, of the asperities and 
angles which have been worn away during the rounding of the 
pebbles t The usual reply is, ^ Dissolved in the surrounding sea- 
water;' but it seems to me that there is always the alternative 
possibility that it has been carried away as mud in suspension, 
just like any other mud; and if so, the deposition of such cal- 
careous mud would go Au: towards explaining the occurrence of 
calcareous septaria and other nodules, which so frequently occur 
in red deposits like those of the Old Red Sandstone and the Trias, 
as well as in the formation of the muddy Lias limestoaes of 
Penarth Cliffs, wbich^ with their flat even bedding and numerous 
intercalations of black shales, certainly do not suggest an organic 
origin. A few oysters and such-like shells may have contributed 
to their growth ; but their general appearance certainly is that of 
strata formed from sediment carried in suspension, and very 
different from that presented by a truly organic calcareous rock."* 

The preservation of conglomeratic limestone-beds in the Lias, 
even where we have evidence of the proximity of old land is rare, 
and equally so is the evidence of transition between such con- 
glomeratic beds and the ordinary limestones. As vdll be noted in 
the account of the Lias of South Wales, the limestones sometimes 
contain chips of chert derived from the Carboniferous Limestone, 
when no pebbles of that older rock are to be seen. Again on 
the borders of tlie Mendip Hills, the Lias limestone contains 
pebbles of quartz derived from the Old Ked Conglomerate, while 
pebbles of Carboniferous Limestone may not always be found. 
Of the limestone-conglomerate, some of the best examples are met 
with at Vallis, near Frome, and at Southerndown, near Bridgend. 

It seems to me that the Cotham or Landscape Marble that 
occurs at the base of the White Lias (Rbsetic Beds) affords 
evidence both of sedimentary deposition and of subsequent oon- 
cretionar}' action. In the more persistent layers of rock we find 
only compact and banded limestone with no arborescent markings. 
Thus the dark argillaceous sediments that prevailed previously^ 
when the Black Avicula-contorta Shales were laid down, had some 
later influence amid the purer calcareous mud that prevailed 
during the formation of the White Lias. Where the arborescent 
limestone occurs, it is in the form of imperaistent masses, and 
these are characterized by a crinkly 8urface that appears due to 
contraction, because thin films that correspond to the irregularities 
of the surface, may often be flaked off. I have suggested 
that the arborescent markings were produced by the irregular 
admixture of layers of dark mud amid the lighter calcareous mud 
during the consolidation and shrinking of the sediments; the 
shrinking as a rule only affecting the upper portions of the layer.f 



*■ See also De la Becbe, Mem. Geol. Survey, toI. i. pp. 2S4, 29a. 
t Geol. Mag. 1892, p. 110. 
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Mr. Allan Dick, who ha^^ kindly examined a specimen of 
Cot ham Marble, tells me that dark portions of the stone are 
not due to the presence of manganese- or iron-ores, but are 
probably due to carbonaceous matter. 

The probable sedimentary origin of some of the Triassic lime- 
stones, has been suggested by Mr. Horace T. Brown and myself.^ 
An analysis of a limestone from Litton, near ^Chewton Mendip, 
was made by Mr. Brown, and subsequently he obtained specimens 
of similar rocks from Chew Stoke, and. had a series of sections cut 
for microscopic examination. Referring to the sections of these 
rocks, Dr. Sorby wrote, " There appears to me little or no doubt 
thnt a large part of the material has been derived from the Car- 
boniferous Limestone * * * Some of the grains are clearly 
fragments of an older limestone, which was not only in some 
places oolitic, but which I think also shows clearly the presence 
of Foraminifera like those in Carb. Limestone. There are also 
fragments that might be derived from such a rock, as broken 
joints of Encrinitesy and probably of Coral and Shell. On the 
whole it is an excellent case of what I have often thought must 
occur in some cases, viz., a mud derived from a limestone rock."t 

With regard to the chemical aspect of the subject more information is 
desirable. The small amount of carbonate of lime held in sea-water (the 
per-centaf(e in the total saline matter being 0*345), has led to the belief that 
much of this material, brought down by rivers, is converted into sulphate of 
lime, the per-centage of which among the saline ingredients is 3 *6. From 
the sulphate of lime it is maintained that marine organisms derive the 
substance they need for their hard parts, while their ultimate decomposition 
brings about a precipitate of carbonate of lime. These conclusions, however, 
do not affect the qu^tion of the possible sedimentary origin of some calcareous 
deposits. 

Prof. Dittmar has pointed out that alkaline sea-water, if given sufficient 
time, will take up carbonate of lime in addition to the matter it already con- 
tains. The solvent powers of sea-water, due to the presence of free carbonic 
acid, do not appear to be very great, for although this gas is obtained from the 
decay of marine plants and animals, &om the atmosphere, and possibly from 
submarine volcanic sources, its presence in a free state in sea- water is the 
exception.^ Mr. W. S.Anderson says, "The soluble action of sea-water on 
amorphous carbonate of lime has nothing to do with carbonic add. An 
artificial sea water, firee from carbonic acid and carbonates of anv kind, will 
dissolve up quite as much. It is distinctly confined to the soluble action of 
the salts pre8ent."§ 

Prof. Sollas has suggested that ^^ rivers sometimes bear to the 
sea considerable quantities of undissolved calcareous matter 
derived from the formations through which they flow."|| This 
IS a matter that requires confirmation, for it is known that car- 
bonate of lime is more readily soluble ir. fresh-water than in sea- 

* Geol. Eng. and Wales, Ed. S, p. 233. 

t Letter to Mr. H. T. Brown. See also Sorby, Address to Geol. Soc, 1879 ; and 
Prestwich, Geology, vol. i. p. 110, vol. ii. p. 318. 

X Report on the voyage of H.M.S. •* Challenger" ; Physics and Chemistry, vol. i. 
pp. 203-832 ; see also J. Murray, Natm«, Feb. 28, 1889, p. 426 ; Ibid.y June 18, 
1890, p. 165 ; and A. Agassiz, Mem. Amer. Acad. Axis & Sc, vol. xi., pp. 1 14, 125, &c. 

§ R. Irvine and G. S. Woodhead, Proc. R. S. Edin., vol. xv. p. 308, vol. xvi. p. 324 ; 
R. Inrine and G. Young, Ibid., vol. xr. p. 316 ; and J. G. Goodchild, Geol. Mag. 
1890, p. 76, and lYans. Cumberland and Westmorland Assoc., No. xt'i., 1891. 

§ Proc. R. S. Edin. vol. xvi. p. 322. See also W. G. Reid, Ibid., vol. xv. p. 151. 

II Quart. Joum. Geol. Soc., vol. xxxix. p. 614. 
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water. Near Coral reefs much calcareous matter is held ia 8118- 
pension by the sea; and Mr. John Murray remarks that sea- water 
apparently is unnhle to retain in solution more carbonate of liaie 
than is usually found present in it. 

Considering therefore the evidence that carbonate of lime is 
not rapidly dissolved in sea-water, and that we have evidence of 
accumulations of limestone not far distant from land-areas, it may 
reasonably be inferred that under certiiin conditions there may be 
sedimentary deposits of calcareous mud as well as chemical 
precipitates. These conditions might take place especially when 
the limestone-particles were mixed with argillaceous matter, and 
more limestone was worn from the old cliffs, than could be 
dissolved by the sea- waters. 



Microscopic Structure, 

Microscopic examination of Lias limestones shows the presence 
of granular calcareous matter and of rolled fragments of Crinoids, 
&c., in some cases probably derived from older strata, such as the 
Carboniferous Limestone. The Lias limestones, however, are 
sometimes more or less crystalline in character, and therefore, 
while regarding much of the material as deposited as a sediment, 
no doubt a certain amount of carbonate of lime was precipitated 
from solution (during consolidation or long subsequently)^ while 
other portions of the calcareous mud were due to the decay of 
organisms as well as to the voidings of marine animals. 

Dr. Sorby, who has investigated the microscopic structure of 
some Lias limesiones, remarks as follows : — 

" Oq the whole the organic constituents of the coarser-f^rained beds of the 
Lias are closely like those of similar beds of Oolitic age, though there is a 
relatively less amount of fragments of aragonite shells and corals. By hx 
the greater bulk is made up of joints of PentacrinuSy which in some cases 
constitute nearly the whole rock. Next in abundance are fragments of 
Brachiopods ana Oysters and shell-prisms ; but Foraminifera and portions of 
Belemnites and bone also occur. The somewhat finer-grained beds differ 
miunly in the comparative absence of joints of Pentacrinus, whilst the finest- 
groined were probably derived from completely ground down or decayed shells, 
inixea with much mineral impurity and more or less coloured by bituminous 
matter * * * Grains of glauconite or some other analogous green mineral 
are not uncommon, and it often fills up the hollow spaces in the joints of 
Pentacrinus and in shells, so as to show their structure in a very striking 
manner. Occasionally very crystalline, non*radiate, oolitic grains are met 
with, which have all the characters of recrystallized, small, concentric, aragonite 
concretions."* 

Further reference will be made to the ironstones that show 
oolitic structure. (See p. 300.) It may be mentioned that 
occasionally in the Lower Lias and more frequently in the 
Marlstone Rock-bed, the limestone is ** iron-shot" This appear- 
ance is sometimes due to the presence of oolitic granules, but 
more often to tiny organic fragments replaced by iron-ore. (See 
p. 127.) In some instances all traces of original structure are lost. 

* Address to Geol. Soc. 1879, p. 64. 
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Sections of Liassic limeetone have been examined under the 
microscope by Mr. J. J. H. Teall, whose notes are embodied in 
the foliovving statement : — 

The fine-f(rained and raore or less earthy limestones of the Lower Lias, of 
which examples were examined, from Street and Shepton Mallet in Somerset- 
shire, and from Wigston in Leicestershire, show in section granular calcareous 
matter. Organic fragments belonging to Crinoids and Echini may be noticed, 
and these often appear in a matrix of crystalline calcite, the fragments some- 
times forming nuclei of large individual fragments of calcite^ as in the Doulting 
atone (Inferior Oolite). 

The granular and shelly limestones of the Lower Lias of Sutton in Gla- 
morganshire, of Shepton Mallet and Downside near Wrington in Somersetshire, 
show a matrix of nne-grained semi-transparent and partially crystalline cal- 
careous matter, with obscure and more or less rolled organic fragments. 

The ironshot limestone (Marlstone) of the Middle Lias of Trent, near 
Yeovil, showed many organic fragments and a few grains of ferruginous 
oolite. The matrix was composed of calcite, partly granular and partly 
crystalline; secondary calcite often occurring in optical continuity witn the 
original organic fragments. 

The green earthy limestone (Marlstone) of Homton, near Edge HUl, in 
Warwickshire, showed rolled organic fragments in a matrix of crystalline 
calcite. 

An argillaceous limestone from the Upp^r Lias of Brent Knoll in Somerset- 
shire, showed organic fragments (Foraminifera, &c.) in a dull grey granular 
matrix. 

The Lias clays seem to be analogous to the blue terrigenous 
muds described by Messrs. Murray and Renard : such deposits 
are extensively formed around the great continents and continental 
islands, and ihey are coloured blue by organic matter and by 
sulphide of iron.* 

Subdivisions of the Lias, 

The principal classifications of the Lias adopted by different 
authors having been tabulated by Mr. Strangway8,t it is un- 
necessary to repeat them here ; but it will be useful to state in 
concise form the grouping adopted in this Memoir. 

On palaeontological grounds it is indeed difficult to separate 
the Middle and Lower Lias, and different authorities have adopted 
different zones for the upper limit of the Lower Lias. Thus 
Wright, following Oppel, took the zone of A. raricostatus as the 
top of the Lower Lias, and the same horizon was followed by 
Tate and Blake. J Tate however admitted that the line of 
demarcation might be drawn between the zones of A. obtusus and 
A. oxynotus.^ Prof. Judd, following Quenstedt, took the junction 
between the zones of A, capricornus and -4. margaritattiSy a course 
that on stratigraphical grounds is the most convenient, although 
not unattended with difficulty, and it is one also that coincides 
most nearly with the original divisions made in the Lias by John 
Phillips. II This grouping is followed in the present Memoir. 

♦ Report of the " ChaUenger," vol. i., Part 2, 1S85. 

t Jurassic Rocks of Yorkahire, vol. i. p. 29. 

J Yorkshire Lias, p. 16. A. de Lapparent Id his Trait^ de G^ologie (1893), 
p. 953, follows the same grouping of the Middle Lias as Oppel ; and employs the 
name Charmouthian for the zones A. armatus to A, tpinaUis (inclusive). 

§ Quart. Joum. Geol. Soc, vol. xxvi. p. 400. 

II Oeol. Rutland, p. 46. 
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LOWER LIAS. 

General Description. 

The Lower Lias consists in its lower portion of layers of blue 
and grey limestone^ more or less argillaceous. These layers 
occur sometimes in even and sometimes in irregular bands often 
nodular and interrupted^ and they alternate with blue and brown 
marls, clays, and shales ; the whole presenting, as Conybeare 
remarked^ a '^ riband-like appearance." These beds, as a rule, rest 
conformably on the Rhsetic Beds; and where the White Ijias or 
upper portion of the Rhsetic Beds is prominently developed, as in 
the south-west of England, there is usually a marked contrast in 
the colour and texture of the strata belonging to these two 
divisions. 

The higher portion of the Lower Lias consists of blue, more or 
less micaceous clays, shales, and marls, with occasional septaria, 
nodules and bands of earthy and shelly limestone, and sandy 
layers. There is no rigid plane of demarcation between them and 
the mass of limestones beneath, while the days pass upwards into 
the lower beds of the Middle Lias, with no lithological break or 
divisional-line. The dark shsly beds.ar6 oeoasionally bituminous. 

The limestone-beds naturally form the higher grounds, rising 
in escarpments, while the clays occupy low-lying tracts that merge 
into those formed by the lower beds of the Middle Lias. 

Local modifications of the Lower Lias occur on the borders of 
the Mendip Hills near Shepton Mallet, on Broadfield Down, and 
at Sutton and Southerndown in Glamorganshire, where the lime- 
stones, usually pale in colour, become granular in texture and 
more or less conglomeratic, while the clayey partings are absent 
or very meagrely represented. Peculiar siliceous varieties of the 
Lias occur near Ohewton Mendip and East Harptree ; while in 
the Radstock area the Lower Lias is much attenuated. Such 
changed are natural enough, for they are noticeable in the neigh- 
bourhood of those Palseozoic rocks which formed land-areas during 
the deposition of the strata. 

The total thickness of the Lower Lias varies from about 485 
feet in Dorsetshire to about 960 feet in Gloucestershire, 465 feet 
in Northamptonshire, and about 700 feet in Lincolnshire ; but it is 
much less near Bath. 

C 2 
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These beds have been subdivided into Zones which may be 
conveniently grouped as follows : — 



General 
Grouping. 


Zones. 


Chief Litholooical Charactebs. 


Ammonites 


Ammonites capricomus 


Clajs witb reddish-coloured ironstone 


capricornus. 


and A. Henley i. 


nodules. 




A. Ibex 




Dark clays and pyntic shales, with 


A, Jamesoni • 


A. Jamesoni 




> occasional sandy beds, and ironstone 




A. armatus 




nodules. 


• 
A, oxynolus * 


A. raricostatus 
A. oxynotus 
A. obtusus 




Dork clays and shales, with maeh iron* 
pyrites. 




'A. semicostatus and A. 


^ Blue argillaceous limestones and day' 


A, Buctdandi * 


' Tumeri* 


— mainly claj or marl in some 


A, Bucklandi 


localities and with ironstone at 




1 A. angulcUus 


J Frodingbam. 


A, planorbis 


i A. planorbis 


Even-bedded limestones and shales, pale 






1 


marly limestones and fissile marls. 



These are the broad general divisions that may be traced across 
the country, and throughout it the chief zones have been 
identified, though in many localities, owing to the absence of 
sections^ particular zones have not at present been distinguished. 

Nowhere in the Lower Lias is there anv marked band of rock 
that can be traced persistently for any great distance. Generally 
speaking the Hthological characters assigned to the zones are 
fairly persistent^ but there is no sufficiently definite association of 
beds of particular lithological qharacter^ such as would enable us 
to fix horizons independently of organic remains. Some of the 
'* Insect limestones " in Warwickshire, and adjoining parts of 
Worcestershire and Gloucestershire, present characters that enable 
us to identify the division to which they belong, and it will be 
seen that the great masses of limestone, wherever they occur, 
belong to the lower part of the Lower Lias: but the great 
developments of limestone, belonging to the zones of Am. angu-- 
latus and A, Bucklandi, such as we sec at Lyme Regis, near 
Bridgend, at Harbury and Rugby, are more or less local, passing 
elsewhere into clays with occasional bands of limestone. Higher 
up the dark pyritic shales are suggestive of beds belonging to the 
zones of Am, oxynotus or A. armatus, &c., while clays with 
ochreous nodules are suggestive of the zones of A, Jamesoni and 
A, capricomus. This argillaceous division is for the most part 
well developed, excepting in the neighbourhood of Radstock in 
Somersetshire, where some of the subdivisions are represented by 
single bands of limestone. 

* Wright considered the xones of A, Tumeri and A. semicostatus as the upper 
part of tha zone of ^. Bucklandi, Lias Ammonites, Paleeontograph. Soc., pp. 284, 
286. 
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Lower Lias Saurians, 



Fig. 4. 




Skull of Ichthyosaurus communis, Conyb., Lyme Regis. 



Fig. 5. 



•m^^t^m^i^ 



l«naiiMMft.«a^ 



JJ i4r4ll!f ,! 




8kul] of Ichthyosaurus latifrons, Konig., Barrow-on-Soar, | nat. size. 



LOWEiB LIAS SAUBIANB. 




B. Teeth oE lehlhsoiaurus (Tejuitodontotatinu) plalyodon, Conyb., Lynii 
Regis, c. Tooth of Ickthyotata-aa eonuuunU, Conyb., Lyme Regie. 




Cen-ical rertebn of Pltiiotawna Hawkiiui, Owen, Lyme Regis. 
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The Lower Liaa of Lyme Regie, Street near Glastoabury , and 
Barraw-on-Soar, is noted for its Saurian remains, probably because 
tba bedit have been exteneivelj quarried or otherwise opened up 
at tbeae localities. Many species of Ic/itht/osaurui and Plexi- 
otanrus have been obtained ; some of the forms of Flesioaaurus 
being now known under the generic names of Eretmataurus and 
Thaumatosaurus (see Figs. 2-7, pp. 37-39). The remains o£ 
Pterodactyl are now inclmled under onu species known ae 
Dimorpbodon macronyx. 

LowEB Lias Fishes. 




Dapediat photidotus, Ag., Ljtne 




Pkolidopkontt Beehei, Ag. 



A great many Fiahea have been obtained, principally from the 
neigbbourhood of Lyme Regis, but some also from Barrow-on- 
iSoar nnd other localities. Among tlieae wc may note Acrodus 
Animigia and A. nobilU (teeth of which are known familiarly as 
"Leeches," see Fig, 10), Dapedivs (Fig. 8), Chondroateus, 
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Eugnaihui, Hyhodus reticulatus (eee Fig. II), PkoUdophorus 
Bechei (Fig. 9), &C. 




Coprolitee of both Fisbea nnd Saurians have been obtained.* 
The larger coproliteB of Saurians coDtaio fish-scales^ bones of 
small Saurians, and occasionally water-worn pebbles. t 

Among the Cruatacea we find Scapheus (Fig. 38), a genus 
confined to the Liad, and Eryon which appears in this conntry for 
the first time. Foraminifera seem to be more abundant than in 
other divisions oTthe Lias. 

Among the Mollusca Ammonites and BeUmnitet appear, for 
they are not known in the Khaitic Beds of this country. Gaater- 
opods are represented by many genera, inchiding Amberleya 
(jEucyclns), Cerithium, Chemnilzia,Crtfpi(Enia. Pitonnillus, Pleuro- 
tomaria, Trochiis, Turbo, &c. Dentalium also occurs. 

With regard to the distribution of the fossils of the Lower 
Lias, it will be found that the local abundance of certiun genera and 

* Se« BnckUod, Tcbdb. Geo). Soc., Ber. S, vol. iii. p. 233. 

t Dr. Boest of Freibais hu obuined Rsdiulariuii io Coprolites from tbe LEm 
[ot Kluelic B«ds?] of OlonceMer. PiloODtographicB, vol. zxii. 1883. Se« also 
Lydekker, Cat. FoM. BtptUia Brit. MuB, Part S, p. lU ; and T. HswkinB, Great 
Sea Dragon a, 1640. 
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species, renders it impossible to give a list of the common and 
characteristic fossils that would apply to all localities. 

Some of the Ammonites are widely distributed (geographically) 
as A, planorbis (Fig. 12), A, Johnstoniy A, angulatus (Fig. 13), 
A. semicostatusy A, oxynotus (Fig. 16), A, armatus (Fig. 18), A. 
Henleyi (Fig. 24), A, capricornus (Fig. 26), &c. 

The most common fossils are Gryphcea arcuata {incurva) 
known as '* Devil's toe-nails" (Fig. 35), Lima gigantea (Fig. 28), 
Ostrea Uassica and Pentacrhuts basaltiformis (Fig. 39) in the 
lower beds ; while Pleuromya costata, Inoceramus ventricosus and 
Belemnites (of many species) are abundant in the upper beds. 
Other species such as Cardinia Listeri (i? ig. 30), C. ovalis, Hippo- 
podium ponderosum (called the horse's or ass's foot by the country 
people. Fig. 29,) and Montlivaltia Victorice are locally very abun- 
dant : but H. ponderosum occurs in the zone of A, angulatus in 
Yorkshire, much lower than it has been found elsewhere in 
England.* Lima pectinoides and Unicardium cardioides occur at 
various horizons, and so also do Rhynchonella calcicosta and 
R. variabilis (Fig. 37), but the latter species is referred to by 
Messrs. Tate and Blake as ** a refuge for the uncertain forms 
obtained in the Lias.'' R, plicatissima seems to be the prevalent 
form in the lower beds in Yorkshire,! and both this species and 
R, calcicosta have been recorded by many geologists under the 
general name of i?. variabilis. 

The great abundance of Ostrea liasiica at the base of the 
Lower Lias, has given rise to the name Ostrea-beds, and it is 
sometimes accompanied by " Ostrea irregularis" which assumes 
various forms according to the organism to which it frequently 
attached itself. The prevalence of large forms of Lima gigantea 
in the higher beds of limestone, has led to the term " Zima-beds," 
generally synonymous with the zones of A. Bucklundi and A. 
angulatus. Again Spiriferina Walcotti (Fig. 36) is hicaliy abun- 
dmt near lladstock, and we have the term " Spirifer Bank ;" so 
also there are the CardiniaA^Qd^ and Hippopodium-heds of the 
western midland counties, which do not, like the Ostrea- and 
Zima-beds, mark very definite stratigraphical horizons. The 
Saurian beds. Insect and Crustacean beds, and Foraminifera zone 
may occur at different horizons, although locally applied to some 
particular bed, as will be noted in the sequel. Saurian remains 
are mainly found in the lower beds, comprising the limestones 
of the zones of Ammonites planorbis ana A, Bucklandi. At 
Lyme Regis they are found mainly in the zone of A. Bucklandi, 
but also in some of the overlying clays; at Street, Curry Rivell, 
Langport, and in parts of Gloucestershire, Warwickshire, and 
Leicestershire in the zone of A. planorbis ; while in Yorkshire 
such remains are more abundant in the Upper Lias. 

Belemnites (^* thunderbolts ") are rare in the limestones, indeed 
they are not known in the lower portion of the zone of Ammonites 

* We bavo tbc record only of Hippopodium (cait) from Lower Lias limestone at 
Queen Camel, 
t The Yorkshire Lias, p. 42L 
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planorbis, but they are commoD enough in the clay-series^ as in 
the Belemnite Beds of Oolden Cap. Booklets of Belemnites 
have been found by Dr. Hinde in the zone of A. angulatus at 
Street ; while no other portions of Belemnite have at present been 
found at that locality. (See p. 81.) The term Belemnite Beds 
was applied in Gloucestershire by Prof. Tate to the zones of 
A. raricostatusy A. oxynotus, and A. obtusus ; although^ according 
to his own lists^ Belemnites are more abundant in the beds 
grouped by him in the zone of A, Jamesoni* and this appears to 
be the case generally. Dumortier has grouped the beds from the 
zone of A. Jamesonito that of J., marffaritatus inclusive, under the 
^'zone of Belemnites clavatus,'' thus including portions of our 
Lower and Middle Lias.f 

Small examples of Gryphcea arcuata (incurva) occur sparingly 
in the zone of A. planorbis, but the larger forms are most 
characteristic of the higher portions of the Blue Lias series, where 
they often occur in clusters at different horizons. At Fretherne 
in Gloucestershire particularly fine specimens are abundant. 
The form of this species is liable to variation, and in the higher 
beds of the Lower Lias, as at Cheltenham, we meet with the 
variety known as G. obliquata ; but G. cymbium also occurs. 
In a large series of specimens from one locality, many varieties 
may be noticed, and the intimate connexion of the several species 
may be admitted. These varieties were studied and illuirtrated 
by the late John Jones of Gloucester. J 

On coast-sections where we have an opportunity of studying 
the beds in section and in plan, as they are exposed in cli£ 
and in ledges or platforms on the foreshore, it is instructive to 
observe the distribution of the fossils. Such is the case on the 
Glamorganshire coast between Dunraven and Abertbaw, where the 
Lower Lias is continuously exposed for several miles in cliffs and 
in pavements. There we may notice how the organic remains 
occur in groups or colonies, abundant now and again at various 
levels. We can picture the evidence obtained in a quarry, where a 
Pentacrinite-hed, a Gryphcea-hed, and a Lima-bed might be noted 
in succession ; but here on the foreshore we may obfeerve groups of 
these fossils, sometimes in clusters, at other times intermino^led, 
and at many different horizons, while the same bed appears quite 
unfoasiliferous over the greater portion of its exposure. Such 
evidence warns us not to place too great reliance on the persis- 
tency of fossil-beds, and it explains why organic remains abundant 
at a certain locality at one time, have become rare later on, when 
the beds have been extensively worked. In this instance a 
number of fossil- beds are united in one or two zones (A, angu- 
latus and A. Bucklandi). The evidence that may be obtained 
in places, suggests that fossils may sometimes be distributed in 
groups or clusters by currents that left no mark on the finer 
sediments. 

* Quart. Joom. Geol. Soc, vol. zxiii. p. 806 ; toI. xxvi. p. 398. 
t Etudes pal. Depots JuraMiquet du Bassin dn Bh^ne, Part III. p. 10. 
} Froc. Cotteswold Club, toI. iii., scries of plates issued separately in 4to. 
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LowEB LuB Cephalopoda. 
Fig. 12. Fia. 13. 




PiQ. 12. Aamonila ploKorbit, Sow. }. 

„ 13. „ angulatat, Schloth. f 

„ 14. „ Bucklatidi, Sow. }. 

„ 15. „ oblusus. Sow. J. 

„ IB. „ oxynolns, Quenat. j. 
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The more abundant and characteristic fossils of the several 
zones in the Lower Lias may be grouped as follows^ and we 
may look to the prevalence of the index-species to mark the 
particular zone : — 

Zone of Ammonites planorbis (Fig. 12). 

Ammonites Johnstoni. 

Avicula cygnipes (Fig. 34). 

Lima gigantea (small examples) (Fig. 28). 

Modiola minima (Fig. 32). 

Ostrea liassicn. 

multicostata. 

Pecten polJux. 

Pleuromya crowcombeia* (Fig. 33). 
Cidaris EdwardsL 
Hemipedina (several sp.). 
Zones of Ammonites angulatus (Fig. 13), A. Bucklandi^ 
(Fig. 14), A. SEMicosTATUS, and A. Turneri. 
Ammonites bisulcatus. 

Bonnardi. 

Charmasee^ 

Conybearei. 

rotiformis. 



sauzeanus. 



Belemnites acutus, 

infundibulum. 

Nautilus etriatus. 
Cryptaenia rotellasformis. 
Pleurotoinaria anglica (Fig. 27). 
Avicula inaequivalvis (sinemuriensis). 
Cardinia concinna. 

Listeri (Fig. 30). 

var ovalis. 

Gryphaea arcuata (incurva) (Fig. 35). 
Lima gigantea (large specimens from 3 to 10 in. 
across) (Fig. 28). 

Hermanni. 

punctata. 

Modiola hillann. 
Myoconcha psilonoti. 
Pecten calvus. 

lunularis (iiasinus). 

textorius. 

Pholndomya ambigua. 

glabra. 

Pinna Hartmanni. 
Pleuromya crassa. 
Unicardium cardioides. 
Rhynchonella calcicosta. 
Spiriferina Walcotti (Fig. 36). 
Pentacrinus basaltiformis (Fig. 39). 

tuberculatua. 



* This species, as observed by Messrs. Sharmao and NewtOD, seems almost 
identical Tnth forms noted as Pleuromya crassa, (See also List of Fossils at end of 
Yolume.; 
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Zono^ of Ammonites obtusus (Fig. 15), A. oxynotus 
(Fig. 16), and A. raricostatus (Fig. 17). 

A. bifer. 

A. Birchii. 

A. Bonnardi. 

A. Brookei. 

A. gaibalianus. 

A. planicosta (Dudressieri).* 

A. sauzeanus. 

A. stellaris. 

Belemnites acutus. 

elongatus. 

Pieurotomaria anglica. 
Avicula ijiBequivaTvis. 
Cardinia Listeri (Fig. 30). 

var hybrida. 

Orjphsea obliquata. 
Hippopodium ponderosum (Fig. '29), 
Waldheimia numismalis. 
£xtracrinu3 briareus (Fig. 40). 
Pentacrinus basaltiformis (Fig. 39). 

scalar! s. 

Montlivaltia rugosa. 

Zones of Ammonites armatus (Fig. 18), A. Jamesoni 
(Fig. 19), and A. lBEX.t 

Ammonites brevispina (Fig. 20). 

Maugenesti. 

planicosta. 

subplanicosta. 

Valdani. 

trivial is. 

Belemnites clavatus (Fig. 22). 

elongatus. 

Cryptsenia expansa. 

Area Stricklandi. 

Gryphsea obliquata. 

Hippopodium ponderosum (Fig. 29). 

Inoceramus (Crenatula) ventricosus. 

Leda Galathea. 

Zieteoi. 

Pinna folium. 

Plicatula spinosa (Fig. 31). 
Rbynchonella rimosa. 

variabilis (Fig. 37). 

Spiriferina verrucosa. 
Waldheimia numismalis. 
Pentacrinus scalaris. 

* Ammoniiei planicoMta has occaiionallj been taken to mark a tone : the species 
extends up into the zone of A , Jamesoni. 

t Lists of fossils from the zone of '* A, Jameami^" published bj Tate, Quart. 
Joum. Geol. Soe., toI. xxri. p. 400, and bj T. Beeslej, firom Fennj Compton. 
(see p. ISO), include species from other zones. 
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Fio. 17. Ammomta rarieoitafMi, Ziet. |. 
II 13. „ nmtatui, Sow. i. 

„ 19. „ Jamemmi, Sow. ) 

» 20. „ imfMpma, Sow. } 

„ 21. „ keterogata, Y. uid B. } 

„ 22. Belemmlet elmatut, Blainr. }. 
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Lower Lias Cbpiialopoda. 
Fig. 23. Fig. 24. 






■..23. Ammoiilei jtrialta. Rein.^ 
2-1. „ Henltyi, Sow. J. 

25 „ DowBi, Sow.J 

^. M eupricornut, Scblotli. }. 



i.()WKH r,iA8 J-osaii-s, 



Zones of Ammo;<itbj; Henlp.vi {Fit;. 24), and A. 
CAPRinoRNua (Fig. 26). 

AmmoniteB iiechei. 
DsToei (Fig. 2.1). 



littEecoata. 

Loscombei. 

atmttis (Fig. 23). 

Belenmitea apicicurviitiiB. 

clavatus (Fig. 22). 

— — elongatus. 

loDgiarimits. 

peniciUatus. 

Pleurotomam anglica (Fig. 27). 
Area StricklaDdi. 

Goniomya hybrids. 

Hippopodium pouderoaiim (smooth form) (Fig. 29). 

Inoceramus veotricosut). 

Leda graphica. 

Macrodon hetlangiensiB, 

Modiok scalpnim (Fig. 56, p. 190.) 

Pholadomya anibigun. 

Pleuromya costnta (uitiuidea). 

I'nicardium cardioides. 

Montlivaltift Victoriw. 



JjOwrr Lias Molldsca. 
. 27. Fig. 28. 




Fui. 27. Plevrntamaria anglica, Soir, %. Lnww and Middle Liu. 

,, '.JS. 7,itM«jfi#nn/fn, Son'. }. 
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Lower Lias Mollusca, 
Fig. 29. Fig. 30. 




FiG. 31. Fig. I 






Fio. 29. Hippojiodium ponderotum. Sow. }. Lower and MiJdic Lias. 

„ 30. Cardinia Listeri, Sow. {n«t. siie). 

„ 31. PliF.atata spinosa. Sow. (oat. size). Lower and Middle Lias. 

„ b'i, lHodiola mtnima, Sow. 1^. Rbietic Beda and Lower Lisa. 

„ 33. PleuromyacroiBcombeia,MooTe{a»t.aize). RhraticBedaand )x>wer Lit 

„ 34. Avieula cygniptt, Y. ifc B. j. Lower and Middle Liaa, 

„ 35. Grypkaa arcvala, Lam. {G. wtcurro. Sow.) j. 
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4^ ^fe 




FlO. 36. Spirifrrina tValcotti, Sow, (n&t. eim). Lower and Middle Liw. 
„ ^)7- Rkynchonftla variaHlU, Schloth. (nat. size). l,<ower and Middle 

lias. 
„ Si. Seaphais aacyUicltflii, H. Woodw. 

„ 39. Peittaennus batallifonmi. Miller. Lower and Middle Um. 
„ 40, Exlrnerinm briartut. Miller. 

i> 2 
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JKIUbKl'SHIlUS CLIFFY. 
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CHAPTER III. 

LOWER LIAS. 
Local Details. 

Do rsetsh ire Coast. 

In no other part of the country can the Lia^, as a whole, be 
so well seen as on the coast between Axmouth and Bridport. 
The connection with the Keuper Marls, through the Rhaetic 
Beds, can be studied near Culverhole Point and Charton Bay ; 
while eastwards the several divisions can be traced in sequence 
until, near Bridport, we reach the Midford Sands ihat form the 
passage-beds between the Upper Lias and Inferior Oolite. 
From the base of the Lower Lias to the base of the Upper 
Lias all the beds can be examined and measured in detail, their 
continuity being only interrupted here and there by faults, the 
amount of whose displacement can be estimated with no great 
difficulty. Landslips, indeed, have masked the beds in many 
places, but not so as to interfere with the complete exposure of 
the series at one point or another. (See Fig. 42, p. 56.) 
With the Upper Lias the case is different. It is to be seen 
and its thickness can be estimated, but it is shown in an 
inaccessible portion of the cliffs below Thorncombe Beacon, and 
only its basement-bed can there be reached. 

The highest point along this coast is Golden Cap, which 
rises to 619 feet, and owes its name to the gands of Upper 
Greensand age that form its summit ; for these are ** gildc^d " 
on a sunny day, and apj)ear in marked contrast with the dark 
Liassic clays beneath. This is without doubt the grandest of 
the Lias cliffs in Dorsetshire. Its outlines are very varied, 
the precipices and slopes being scarred by deep channels and 
chines, sepamted by irregular peaks of Lias clay ; while the 
thick bands of calcareous sandstone, known as the ** Three 
Tiers," which constitute the base of the Middle Lias, form 
great buttresses along the lower portions of the cliffs. 

Thorncombe Beacon, which rises to a height of 509 feet, 
presents the best view of the Middle and Upper Lias ; while 
Black Yen (about 400 feet), and the adjoining cliffs near Lyme 
Regis, afford the best sections of the Lower Lias. (See 
Fig. 41.) 

Notwithstanding the faults, which, having downthrows on 
the east, tend to carry the beds below the level sooner 
than would otherwise have been the case, there are opportunities 
of measuring the larger divisions at different points. Com- 
paring results it will be found that the measurements of the 
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subdivisions differ to the extent of from 5 to 15 feet in various 
places. This may be due to original variations in the thickness 
of the strata, but it may also to some extent be attributed to 
a difference in pressure, the strata in some places being over- 
laid by thick and heavy accumulations^ while in others they are 
at or near the surface. 

The earliest geological descriptions of this coast-line were by 
De la Beche, who noted the leading lithological divisions in the 
strata and their organic remains, and gave an excellent 
pictorial diagram of the cliff-sections.* 

Many years aftei^wards the Lower Lias beds were examined 
and described in detail by Dr. Wright, and subsequently the 
subdivisions of the Middle and Upper Lias were investigated 
very carefully by Mr. E. C. H. Day, who was assisted largely 
by Mr. K. Etheridge. These observers have furnished the 
greater part of our knowledge concerning the distribution of the 
organic remains, but to Dr. Wright especially we owe the 
adoption of that system of grouping the beds into Zones, 
which had been so ably marked out by Oppel. The help of 
local workers is however of the utmost importance to those 
who can spend but a few weeks in a district, and much of 
our knowledge of the horizons of fossils is due to the labours 
of the fossil- collectors, and especially to Samuel Clark and 
Robert Hunter of Charmouth. 

Do la Beche, in his account of the Lias, adopted the nomen- 
clature of William Smith and Conybeare, so that his main 
divisions do not correspond with those now adopted, na will be 
eeen from the accompanying table : — 

Modern Grouping. 

Ft. 

Upuer Lias /O 

Upper Lias Marls « • . . • Middle Lias 345 

r HI., f : - r Lower Lias 485 

t . T . A r Blue Lias - - - J 

Lias Limestones . -j White Lias - 

, 1 ' XM t / Black Shales 

Lower Lias Marls - 1 q^^ j^^j^ . 

The full thickness of the Lias is thus about 900 feet^ and it is 
desirable to describe the beds as far as possible in detail, as 
nowhere else in our area have we such a connected series of 
exposures.! 



Rhaetic Beds. 



* Trans. Geol. See, ser. 2, vol. i. pp. 40-47, and Plate VIII. ; vol. ii. pp. 21-30, 
and Plate III. ; and Report on the Geology of Cornwall, Devon, and West Somerset 
(Geol. Survey), 1839, pp. 222-285. 

t My first acquaintance with the sections was made in 1873-74, when engaged, in 
conjunction with Mr. Clement Reid, in re-surveying portions of the district. In 
1884 I examined the coast-section in detail, and couKtructcd a horizontal section to 
show the relations of tlie several subdivisions. This was published in a condensed 
fcmi in 1886. See Report on Coast-erosion, Rep. Brit. Assoc, for 1885, p. 424; 
Geology of England and Wales, Edit. 2, 1887, p. 252 ; and account of excursion 
to Lyme Regis., Proc. Geol. Assoc., vol. xi. p. xxvi. (Reprinted). 
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The Lower Lias is exposed in the cliffs between Culverholc 

Point and Seatown, near Golden Cap, where the strata admit of 

the following divisions : — 

Zones. 
Ft. 

4. '' Greeti Ammonite Beds." 1 . ., j ^ rr , • 

Bluish-ffrey clays - 105/ ^''•'"^•wm caprtconttw and ^i. HenZcyi. 

3. " Belemnite Beds." \(^' Ihex)^* A, Jamesoni, and A, 

Pale ffrey marls - 80 J armatus. 
2. *• Black Marl." \A. raricostatus. A, oxynotus, and A, 

Dark shales - - 195 j obtu$u8. 
I «< D| I • M f A. semcostatus and A. Tumeric A. 

UmcTones and shales - 105 1 ^^^^^^ ^' «"^«^«^"*» *«^ ^^• 

485 



1. " Blue Lia$y — This division comprises alternating bands of 
limestone and clay or marl, to which^ as elsewhere, the tenu 
*' Blue Lias " is confined. 

The beds appear to the east of Culverhole Point, and probably 
extend higher up in the cliffs about as far west as Dowlands, but 
they are much tumbled and obscured by landslips. Proceeding 
eastwards, gentle undulations bring the strata to a higher level in 
Charton Bay, where the underlying White Lias and the beds 
down to the base of the Rhsetic series may be observed. 

It is not until Pinhay (or Finney) Bay is reached that the beds 
are seen to advantage. A ravine and watercourse here coincide 
with a fault, that throws down the Lias limestones some 4() feet 
on the west (see Fig. 41), a dislocation depicted by De la 
Beche. On the east, the lowest beds of the Lias are seen 
resting on the White Lias, and in marked contrast as to 
colour. Now the upward succession can be traced, and each 
band of limestone can be examined. Before studying the beds 
in detail, it is however a good plan to obtain a general view of the 
cliffs from a boat at a short distance from the shore. In this way 
it will be seen that about 16 feet above the main mass of lime- 
stones, and separated from them by clays or shales, there is a 
conspicuous band of hard grey marl known as the Table Ledge. 
This band, increasing slightly in thickness, can be traced along 
these west cliffs as far as tl^ Lime and Cement Works, beyond 
which the beds are concealed by the Esplanade ; but it re-appears 
in the Church Cliffs, descending to the beach at the foot of 
Black Yen, where its easterly dip carries it out of sight. (See 
Fig. 41.) This band is taken as the top of the Blue Lias series. 
Partly owing to the curvature of the coast, the beds in the West 
Cliff present a gentle synclinal followed by an anticlinal struc- 
ture. Moreover below the Esplanade the beds sink again, so 
that the Cobb is based on the smrfiice of the nuun mass of stone- 
beds, which appear on the foreshore, and here the ledges stand out 
in graceful curves that mark the synclinal structure. Some of 
the ledges that occurred here, as elsewhere, have been broken up 

^ This sp«cief> ha^ not been reco^cni^ed in thin district. 
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and removed by the hand of man, and among them portions of 
the ^' Table-rot»k " were formerly exposed near the eastern 

jetty.* 

Dr. Wright has spoken of Table Ledge as the same as the 
Broad Ledge, but tlie latter is certainly at a lower horizon, and 
is probably the ** Grey Ledge " that forms the top of the main 
mass of 8tone-bedt>. Broad Ledge is the name applied to a 
platform of rocks expos^ed at low tide at some distance from the 
eastern jetty, south-east of the Church Cliffs. At the base of 
these cliffs, the artificial removal of the ledges has largely aideil 
the natural destruction of the cliffs, and the foreshore being 
full of muddy holes, affords a very treaclierous route for the 
traveller. 

The thickuesH of the main mass of stone-beds, may be reckoned 
at 70 feet on the eastern side of Pinhay Bay, but detailed measure- 
ments made at different points on the coast to Black Ven, indicate 
that the thickness increases to 80 or 85 feet. Taking the beds up 
to the Table Ledge we have a full thickness of about 105 feet. 

It will be noticed from a general view of the beds that they 
may roughly be grouped as follows : — 

Ft. In. 

K. Shales capped by the Hard Marl or Table I^dge - - 19 

D. Limestones and clays (in about equal proportion) - - 24 

C. Limestones with thin clay divisions - - - . 23 

B. Limestones and cla^s (in about equal proportion) • - 17 

A. Limestones with thin clay divisions - - - - 22 

Owing to the dip of the beds, the lower two divisions arc 
exposed only in the cliffs immediately east of Pinhay Bay. They 
do not reappear further on in the West Cliffs, nor do they rise 
again in the Church Cliffs. The lowest zone in the Lias must 
thus be looked for as we pass eastwards from Pinhay Bay. Here, 
and indeed all along the coast to near Black Yen, the cliffs are 
mostly vertical, and they are more or less dangerous to those who 
walk along the beach, on account of the crumbling of the cliffs 
and the loose fragments of rock that occasionally fall. Attention 
must also be paid to the state of the tide, as the beds are otherwise 
inaccessible. 

At the base of the Lower Lias there are thin laminated shales 
or paper-shales, that are frequently present at this horizon. 
Where exposed on the foreshore during spring-tides, the beds are 
seen to be crowded with spines of Echinoderms, whose tests also 
are sometimes preserved. Among the species Dr. Wright re- 
cognized Cidaris Edtrardsi, Pseudodiadema lobatum^ Hemipedinn 
Becheiy and H, Bowerhanki. A similar l)e(l occurs in the same 
position at Church liawford, near Rugby. 

The limestones above, yield Oitrea hussica, Modiola minima^ 
Area Li/cettiy Gervillia, and Pleuromya crowcombeia. Some of 
these sDCcies I obtained in the beds above the White Lias at 
Charton Bay. Ammonites planorhis and A, Johnstoni have been 
found at Pinhay Bay, but as the beds are not worked for economic 



* See Ci. Roberto, History and Antiquities of the Boronph of Lyme Re^8 and 
Chsirmonth, 1H34, pp. 211, ^c. 
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purposes on this particular part of the coast, specimens are rarely 
obtained: they may however be found in the quarries at 
Uplyme. There is no evidence whereby the zone of Ammonites 
planorhis can be definitely marked off from the zones succeeding.* 
GryphiBa arcuata (incnrva) and Lima gigantea^ which are charac- 
teristic of the " Bucklaudi-beds," occur about 7 feet above the 
White Lias, but the forms found so low down are usually much 
smaller than those met with above. The lower division (A) must 
however include all the beds representing the zone of Ammonites 
planorhis. 

Continuing eastwards we traverse ledges formed by the suc- 
cessive bands of limestone. Gryphtta arcuata and Lima gigantea 
become more abundant. Some layers are crowded with Rhyn- 
chonella calcicosta (A variabilis of Wright), and in others we find 
shoals of Pentacrinites. Here and there Ammmiites angulattu 
may be observed. Further on we come to the cliffs where the 
stone is extensively worked for the Lime and Cement Works, and 
much of it fabout 120 tons a week) is shipped away in the raw 
state. The stone is collected from the tumbled masses on the 
beach, and when these have been removed the stone in the cliffs 
is blasted. Each layer has its distinctive name, known to the 
workmen, and these names nre recortled in the accom|)anying 
detailed section. The beds here are practically the same as those 
seen in the Church Cliffs, and the same names are applied to 
them. In the Church Cliffs the beds are somewhat disturbed by 
small faults. 

The beds belong mainly to the zone of Ammonites Bucktandi, 
but include the upper portion of the zone of A. angulatus, the 
lower portion of which has been previously traversed. The suc- 
cession of the zones is as well-marked as could be expected, albeit 
there is no reason to point to any particular layer to indicate a 
separating plane. A, angulatiis and A, Bucklandi occur together 

at this locality .t 

In these beds we may obtain fine specimens of Lima gigantea 
and A mmonites Charmassei ; the latter, as remarked by Dr. Wright, 
is ribbed in youth, but quite smooth in old nge. It occurs as 
high up as the " Best Bed." Large specimens of A, Bucklandi 
arc common, and Nautilus striatus and Pentacrinus basaltiformis 
may usually be found. Spiriferina pinguis has also been recorded, 
and I have obtained Ammonites bisulcatus and Rkynchonella 
calcicosta at Charton Bay. 

Ammonites semicostatus occurs near the top of the stone-beds 
at Lyme Regis, as well as in the Hard Marl or Table Ledge 
above ; beds which have been grouped by Dr. Wright in the zone 
of Ammonites Tumeri, The type of this latter species was 
obtained from the Drift of Norfolk, and named after Dawson 
Turner, of Yarmouth. Some doubt has been expressed whether 

* Dr. Wright, Quart. Joum. Greol. 8oc., yoI. xvi. pp. 396, 897, considered that the 
Am. planarbia beds were represented bj the White Lias, a mistake that arose from 
certain beds in the Lower Lias being locaUy termed " White Lias" by the qnarry- 
men. » 

t See aim) R. F. Tomes, Quart. Joum. Geol. Hoc., vol. xxziv. p. 179. 
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the species has actually been obtained at Lyme Regis ; but Dr. 
Wright records it from the Hard Marl, and from the underlying 
clays and shales down to the '^ Grey Ledge/' and I have obtained 
specimens from the foreshore. A, Bonnardi is recognized by 
Messrs. Sharinan and Newton from this locality, and this is a 
form closely approaching A. Tumeri Specimens of both species 
of Ammonites are frequently partly enveloped or replaced by 
iron-pyrites; and most of them have been found on the beach 
or among the fallen blocks near the northern end of the Gliurch 
Cliffs. Specimens thus mineralized would not have come from 
the Hard Marl, but might occur in any of the shaly strata. A 
block of limestone purchased from Mrs. Dollin, of Lyme Begis, 
contains A, Bonnardi and A. Tumeri ? Dr. Wright records 
A, Bonnardi from the beds (above mentioned) which he groups 
in the zone of A. Turneri; but I have not found it in sitw. 
It occurs also higher up in the series. Mr. Day, indeed, con- 
sidered that A. Brookei was the local equivalent of A, Tiirneri, 
forms regarded by Dr. Wright as very closely allied; but A. 
Brookei occurs in a higher horizon, in the zone of A. obtiusus. 
Under these circumstances it will be best to regard the upper 
portion of this Blue Lias series rather as the zone of Ammonites 
semicostatus than of A, Turneri, for the former species is found 
often in abundance on the same approximate horizon in other 
parts of England and has more generally been adopted as the 
zonal Ammonite.* 

The Blue Lias series of Lyme Regis thus includes the zones of 
Ammonites planorbis. A, angulatns, A. Bucklandi, and A, semi- 
costatus: an arrangement that fits in well with other parts of 
England^ as it includes the main mass of the Lower Lias lime- 
stones, where these are well-developed. 

The Hard Marl^ and the West Rock, an iron-stained cement- 
stone that occurs in West Cliff at a higher level in the clays 
above, are said to make a superfine cement when mixed together. 

The following is a detailed account of the Blue Lias series of 
Lyme Regis, with the local names applied to the beds by the 
workmen : — t 

Ft. In. 



Hard Marl or Table Lsdob. (" Indu- 
rated Marl," of De la Beche.) Grey marl. 
AmmoniUs semicostatus {A. Turnertj^ Avicula, 
intBouivalviSf Rhynchonella calcicosta (=: vari' 
abilis of Wrifuht) - - - . ;S 6 



Division £. 
with 2 beds of 
marl and lime- 
stone: about 
19 feet. 

Representing «aurian Bed. Shale, llchtkyosaurus cam. 

zone ot ^ munis, L platyodon, Am, semicostatus^ Rk, 

Ammomtes calcicosta^ . . - - - 12 

semtcostatus. ^^^^^ Ledge or Fish Bed. Shaly Hmestone, 

^?. i? ^^^S breaking into penciLlike slabs. [Am. Tumeri, 

n-ff T -^- semicostatus] - - . - 4 

lyim, ana j^^j ^^^ g^^^^ ^^j^ limestone-nodules - ,.3 8 

rmnay bay. J 



* UHHher, Geology of IdncolD (Mem. Geol. Survey, Sheet 88), p. 16. 

t A detailed section was published by Dr. Wright, Quart. Journ. Geol. Soc., 
vol. zvi. pp. 40], &c. The species included in square brackets are given on his 
authority, but it is not pow«ibW to correlnte nil the particular beds he enumerates, 
with those above noted. 
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Diviaion D. 
with About 9 
beds of lime- 
stone : ftbcat 

24 feet. 
RepreaentiDg 
the lone of 
Antnumitet 
Bucklandi (in 
part). Seen in 

Church am. 

West CUff, uid 
Pinhajr Bay. 



Ghkv Lkdok.* 

fucoidsl muk „ 

giaantea [Lima oii/tfwata, Rk. calctcotta] 
Shale. [pJenownriw roffroftw] ■ 
Glass Bottlb. Inegular grey limestone.' 

Large Am. Bucklandi anan^tntfux. \tAma 

gigontea, L. antiqtMta, Rk. ealeieotla] 

Shale 

Top or Iht Quick Lkdok. Even band of grey 

limeatoue 
Marly shale 
Vbntv Bbd. Even band of grey limeMone, 

marly at base • - - - . 

Shale and marl with occasional nodules of lime- 

Beht Bid. Very even bed of limestone. Large 
Lima gigontea. Am. Charmauti 
'■j Shale - . . . 

Second Bxd. Very even bed of Umestone. 
I Nautilus, Pemtacriinu 
I U&rk ehalea 
I Rattle. Impersisteat limestone passing into 

' Dark ahales with a fiiw impersistent layers of 
limestone 

MiDDcs or 2nd Quick Lbdgk. Even band of 
grey limestone : well marked in cliff, and one 
of the highest beds that comes to the shore in 
le<iK''i near Deybnshire Point. Pentae 

Shaic I impersistent) , . . 

GuMi'TiON. Thin band of grey limestone 

Grey marl and iihale with "beef " (fi^Mtnu car- 
bonate of lime), pyritic layers, and occasional 
nodules of limestone .... 

Undbh or 3rd Quick Lsdgb. Grey shelly'] 
limestone. NatitUut, Oitrea - ' 

Shale with thin seams of " beef" 

Top Tapb, Grey shelly limestone with li|tnite. 
Am. Bttcklandt, PnUaerimu, Scapkau a — 
lochfH* (Fig. 38, p. 51) described by Dr. 
Woodward tram " Tape l^ge " 

Sbale with lignite . • . _ 

Under or2NDTAPB. Grey limestone. Oryphaa 
arcuata abundant, At». Baeklaadi 

Top (.'upper. Dark limestone with iron.pyrite! 

Dark shale. Ory. arcvaia, RAgnck. calciosta 

MoNiiKBL. Irregular grey limestone. Rk. calc 
cotta abundant ... 

Shale and sbaly marl with impersistent mottled 
limestone. Skull. Grg. aretiata 

Spbckkttv Bbd. Grey limestone, Al. eaiei- 



Division C. 
with about 
•26 bands of 
limestone : 
obont 23 feet. 
RepreaentinK 
the lone of Dark shales. 
AmnuMUe* Uppbb Whiti 

Buekfatidi , Lima 
(in port) and the', Skvlla. l^^ers uf in^pilarond impersistent 
— ^ _ _ limestone and day. Antmoiutei 

Iron Lbdgb. Grey limestone. Rk. caicicatta. 

This is the lowest bed work in the cliff west 

of Lyme Regis 

Dark shale .... 

Vndbb Gopfbr. Grey limesUine with 

die" (iron-pyrites) 



upper pi 

of the tt 



Seen in Church 
aiff.West 
Cliff, and 
Pinhay Bay. 



• The " Grey Leilfw " wan minplHced in Dr. Wrijtht's 
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Division B. 
with about 10 
tna<}s of lime- 
stone : n feet. 



DaA shftles Knd grey limeetonea, nrj little hard 

Undbr Whitr Bed. Spurj limeatone. Lmm~| 
gigaiUea, G. arcuata ■ • . - - 

Skulu. Limestonei with very irregular sur- 
faces, and very little shale. iwKe Iiino 
i/iganlea. These are the lowest beds seen in 
Church Cliff - 

D&rk shales . . . . .~) 

Lim^Btones and shales with Pig's Uirt or Soft j 
Bed, and Brick Lbdob, These are the j< 
loirest beds worked on the foreshore below I 
WMtCliff and Church Cliff - - -J 



Bhalt' 



ivith bands an<l nodules of limestone. 



the tone c 
AtitttoHitet 
angnlatta (in 
part). Seen in 
Pinhay Bay. 



Division A. 

with about 36 
bands of lime- 
stone ; '2-2 to '2i 
feet. 

Representing 



the: 



leof 



Anmonila 

planorbii and 

perhaps a part 

of that of 

A. angviatat. 

Seen in Pinhay 

Bay. 



Bbietic Beds. 



(Irej limestone . - - . . 

'1 lurk shale and shaly marl with two tbin bands 

or limestone . - . . . 

l>&rk shales with five bands of even and iiregular 

liniestone - . . . . 

(Jrcy shelly limestone .... 

Shale 

Slialps with five beds of even-bedded limestone. 

l,ii%a giganlta abundant ... 

Shales with five irregular bands of limestone. 

Phoiadomya, AntmttnUet ... 

Compact Hmestone with marly base, weathering 

white, snd forming a conspicuous tedge near 

Pinney Bay ..... 

Shale 

Linicstotie with large Ostrea, G. arcuata, Lime') 

gigantea 
Shales with ;) bands of limestone . . ^ 

XJmestone with Modiota, Otlreu liaiiica, O, | 

arcuata . - . - . j 

Shale with 4 bands of limestone, Ostrea, &c. 
Shale and 4 tiands of shelly limestoue, 0»trfa~\ 

iiassica • - - - . \ 

Irregular bed of limeBtone,disturbed in places, the f 

lower part ferruginousand shelly. Otlrea liastieaj 
Brown laminated shales with thm films of lime. 

stone ..-.-. 



c 
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J 3 
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2. Black Marl.— The dark shales that overlie the "Table 
Ledge " are loc:illy known a.« the " Black Marl," nod the appear- 
ance of these beds well accounta for the name of Black Ven. In 
this cliff the entire division can be studied. The summit of the 
hill is capped by Chert gravel, Upper Greenaand, and Qault. 
The baae of the Gault is marked by a ihin pebbly layer or grit, 
but the formation it*elf, as remarked by the Rev. W. Downes, ta 
pervious to such an extent that epringa are thrown out by the 
Lias clay beneath.* It is well moreover to bear in nund that the 
foiisils of the Gault and Lower Lias are iiometimes commingled 
on the slopes. 



■ QoarL Jouni. Geol. Soc, vol. xli, p. 23. 
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The Lias of Black Yen is exposed in three terraces that form 
the lower portions of the cliflT beneath the Cretaceous rocks. The 
uppermost of these is formed for the most part of pale grey marls, 
known ad the '^Belemnite Beds (to be described further on). 
The terraces below are formed by the much darker shales, clays, 
and marls, which will now be noted in detail. 

Near the top of the lowest terrace there is a prominent band of 
nodular limestone or cement-stone inclined towards the Char- 
mouth valley and terminating in the low cliff near the Coast 
Guard Station. It is slightly faidted at one point under Black 
Ven with a downthrow of 5 or 10 feet on the west. (See Fig, 
41, p. 53.) It is not however shown in the cliffs east of Char- 
mouth, as a more important fault traversing the valley, throws 
down the beds about 50 feet on the cast. This fault was noticed 
by Mr. Day. 

The band of cenient-ntones or " Firestone Nodules "* is known 
as the Birchii Bed," from the occurrence of Ammonites Birchii. 
The specimens arc known to collectors as the ''Tortoise 
Ammonites," and also as ** White Ammonites " from the white 
calc-spar that often fills the chambers of the shells. In the same 
nodules many small and juvenile Ammonites occur. The band 
was most accessible in the western part of Black Ven towards the 
Church Cliffs ; it sometimes includes two layers of cement-stone 
nodules. 

Specimens of limestone, crowded with small ammonites {A. 
obtusus, A. planirostfi, and A. Smithi) occur at a higher horizon 
beneath the Pentacrinite Bed ; these are often to be picked up on 
the beach, and they present resemblances to the famous Ammonite 
Marble of Marston Magna, which is on the same geological 
horizon. 

Nodular limestone with Ammonites semicostatus is said to occur 
in the shales beneath the '* Birchii Bed ** ; and this is not inconsis- 
tent with evidence obtained elsewhere, where this species ranges 
above the strata allotted to it as a zone. 

Fine npeciniens of Ammonites ohtusns occur here and there in 
the clays and nodular limestones between the Table Ledge and 
the Coin Stone Bed ; this divitjion was regarded by Dr. Wright 
9A the zone oi A, obtusus ; here also, and more especially in the 
shaly marls above the Birchii Bed, occurs A. Brookei. Specimens 
enveloped in iron-pyrites are not uncommon. A. Bonnardi has 
also been recorded from this series. 

Above the shaly marl with A, Brookeiy there are two layers 
known as the '* Two Cement Beds," which are seen in the lower 
part of the middle clay-terrace of Black Ven ; and the higher 
band, which is the more conspicuous one, re-appears in the lower 
part of the cliff east of Charmouth. Tumbled masses of these 
beds have been used for paving-stone or pitching. 

Not far below the Coin Stone Bed is the layer known as the 
Pentacrinite Bed, which has yielded many fine specimens of 

* I have been informed that some of the nodales were formerly usnd for fires, as 
fire-balls. 



64 LIA8 OF ENGLAND AND WALES; 

Extracrinus briareus, mostly coated or replaced by iron- 
pyrites. (See p. 70.) 

The Coin Stone Bed is the name applied to the upper portion 
of a band of large cement-stones, that forms two and sometimes 
three layers. Ihey occur in the top of the middle clay-terrace 
of Black Yen, and form a noticeable band, about 40 feet beneath 
the pale-grey Belemnite Bode, in the cliffy of Stonebarrow to the 
east of Charmouth. A Inrge cut and polished Septarian-limestone 
with Ammonites stellaris (now in the Mmeum at Jermyn Street), 
was obtained by Robert Hunter from one o^ these huge cement- 
stones. Dr. Wright observes that the nodules often contain very 
large specimens of A. ohtusus and A, Brookeiy the veins of spar 
in the rock intersecting and distorting the fossils.* 

Immediately above these beds we enter the zone of Ammonites 
oxynotus^ specimens of which are prevalent in the dark pyritic 
shales and clays about 10 feet above the Coin Stone Bed. The 
variety of this species known as A, lymensisy and A, densinodus 
likewise occur. 

Still higher in the same set of shales, A, armatus and A. 
raricostatus occur, but there is nothing to indicate any plane of 
demarcation between the zones. I obtained one specimen of A. 
raricostatus from the beds on this horizon east of Charmouth, but 
it extends upwards into the Belemnite Beds above. 

These higher beds of shale are however more impr^nated 
with iron-pyrites than is the case lower down, although this 
mineral is more or less abundant throughout the Black Marl 
Series. It was however from this upper portion that much 
pyrites was at one time obtained, during the winter months, for 
the manufacture of sulphuric acid ; and there is a band in the 
shales known as the " Metal Bed." 

The series now under notice extends to the base of the upper 
terrace under Black Yen, where two or three bands of limestone 
occur at the junction with the Belemnite Beds. These bands 
were mostly obscured in Black Ven by talus (in 1884), but were 
shown in the clifl& of Stonebarrow on the east. 

The Black Marl thus includes the zones of Ammonites obtusus, 
A, oxynotus, and A, raricostatus, which here and elsewhere may 
he conveniently linked together. Here the beds yielding A. 
obtvsus form by far the greater portion of the series, the zonal 
Ammonite (according to Dr. Wright) being found at various 
horizons between the Hard Marl and the Coin Stone Bed : but 
the associated species are not many. Dr. Wright records Am, 
Birchiiy A, Brookei, A. stellaris y A, planicostay A. sauzeanus, and 
A, semicostatus.'\ 

Some of the cement-stones near Charmouth have been em- 
ployed for making cement, and remains of a disused cement-mill 
still stand near the sea-shore. 

♦ Lias AmmoDites (Palaeontograph. Soc.), p. 50, 
t Lias AmmoniteR, Pal. Soc., pp. 5(>, T)!. 
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Section of the '' Black Marl " beds of Black Ven :— 



Zone of 
Ammonites 
raricostatus 
about 15 ft. 



Zone of 
A. oxynotus 
about 15 ft. 



Zone of 

A, obtusus 

about 170 ft. 



Ft. In. 

9 








6 
4 



•1 with A, armatus : in- "j 

L Bed with much iron- >\0 to 15 







> 10 



Beleranite Beds. 

(irey earthy limestone - • . 

Micaceous and marly shale with nodules 

of limestone. Belemnites abundant. 

[Compressed metallic specimens of 
"i Am, raricoBtatus, found by Mr. Day] - 
Hard grey limestone - - - 

Dark shaly marl with A. armatus : 

chiding Metal 
- pyrites - 

. Dark shaly marl with A. oxynotus, found \ i c n 
' 10 feet above Coin Stone - -/ *° " 

Coin Stone Bed (Com Stone Ledge or 

Dr. Wright). Cement-stone bed, that 

forms a prominent band in Stonebarrow 

Cliff. Fish-remains ... 
Dark shales with nodules of limestone - 
Ferruginous and marly cement-stone. 

Large specimens of Am. steiiaris in 

nodules ; also A. Brookei [Wright] - j 
Dark shaly marls with Pentacrinite ] 

Bed, yielding Extracrinus briareus; 

and, below, impersistent layers of lime- 
stone (like Ammonite Marble) with ^ 25 

many small Ammonites, A. obtusus. Sec, 
Dark slightly micaceous and calcareous 

paper-shales with flattened Ammonites^ 
Band of irregular indurated marl 
Dark shaly marl and shale with nodules 

of limestone . - - 

Upper Cement Bed. Hard u'on- 

stained Cement-stone, an irregular and 

conspicuous band 
Nodular and impersistent limestones with I 

Saurian remains - - - > 

Shaly marls - - - - J 

Thin band of limestone • - - \ 

Marls - - - - -/ 

Lower Cement Bed. Hard irregular 
I iron-stained marly limestone or cement- 
] stone : seen near base of cliff East of 

Charmouth. This, and the bed a few 

feet above, are known as the '*Two 

Cement Beds" - - -J 

Shaly marls, yielding fine specimens ofl oq 0to40 

Ammonites Brookei - - -j u*o*ui/ 

Firestone Nodules or Birchii Bed. 1 

Hard irregular and nodular limestone 

or Cement-stone, with "beef" above 

and below. It forma one or two beds 

with iron-stained joints. Am. Birchii 

and clusters of small Ammonites 
Dark Shales with band of thin shaly 1 

limestone, and occasional nodules of I 10 

limestone - - - • 1 

Lenticular band of grey limsstone, withl 

"beef" - . 

Dark shales, with thin band of limestone I 

in places • - - • [ 

Interrupted band of limestone with 

•• beef." J 
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Ft. Ik. 
25 



Dark shales and paper-shales, slightly^ 
calcareous and micaceous, with indu- 
rated bands and seams of **becf." 
[Saurian remain?] . - - 

Marly cement-stone bed. 
I Marly shales with iron -jty rites, and thin 05 n 

I conspicuous layer in the SVest Cliff [ 
[ known as the Black Bear 
Hard Marl or Table Ledge. 

3. Beleninite Beds. — This division, as before mcniioned, 
occupies the hi«;her portions of the clay -cliffs at Black Ven, 
forming the third terrace. It appears as a well-mnrked light- 
^rey baud here, and again in Stonebarrow, wliere the easterly dip 
brings it nearer and nearer to ihe sea-level Csee Fig. 41, p. 53). 
It disappears, however, abruptly, west of St. Gabriers Water, 
Golden Cap, owing to a fault with a downthrow of about 40 feet 
on the east. 

The mass of the beds is by no means rich in fossils^ for although 
Belemnites Millfiri and B, compressus ma}' be found dispersed 
through the lower and central portions of the marls, few other 
fossils are to be seen. Now and again an Ammonite, poorly 
preserved, may be obtained, but I succeeded only in finding 
specimens of A. raricostatus and A. semirostaius, which thus 
range above the regions assigned as the'r appropriate zjne?. 

Lenticular masses of lignite, approaching jet in character, 
occur in places ; and I noticed one mass at a depth of 3 feet 6 inches 
below the Belemnite Stone under Golden Cap. The central 
portion of this division is formed by a band of harder pale grey 
marls, thicker and more conspicuous in some places than in 
others. 

To the upper portion of this series most interest attaches, for 
there occurs a band of dark shaly marls rich in fossils, covered by 
a thin layer of pale marly limestone, known as the " Belemnite 
Stone," and also very fossiliferous. 

Black Ven is not the most convenient place to examine these 
beds, for the platform at their foot is exceedingly wet and boggy, 
springs being thrown out at the junction with the denser clays 
and shales below. Good sections are exposed in some of the 
gullies in Stonebarrow Cliff and particularly to the east of 
Breakneck Gully, and here their fossil treasures may most readily 
be obtained.* 

The finest exposures of the beds however are on the foreshore 
below Golden Cap, for the strata (which were thrown down by 
a fault a little further west), re-appear owing to a gentle anticliniu 
at the base of Golden Cap, and are usually well-exposed rather 
to the east of the loftiest portion of the cliffs, where again there 
is evidence of slight faulting. The foreshore along which the 
beds are shown at low tide, is rather to the west of this exposure, 
and there a grand exhibition of Belemnites and other fossils is to 

* Id his section. Trans. Geol. Soc. ser. 2. vol. i. Plate yiii., De la Beche marked 
Stonebarrow Cliff as "Shome CIi£f/' but the latter is the name applied to the 
western slope of Golden Cap. Sec aUo Kcport on the Geology of Cornwall, &c. 
p. 827. 
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be seen, some in Ike Beleronite Stone^ oUiers in still greater 
profusion in. different layers of the dark shaly marls beneath. 
The long penciUlike forms of B, longissimus nre conspicuous, but 
difficult to extract, while B, elongatus, B, clavatus, and B, pollex 
are not uncommon. A large nuiober of species have been 
identified, and these include also B. apicicuriatusy B, Bucklandi^ 
B. compressus, B. junceus, B. Milleriy B, nitidus, B. penicillatus, 
B. striolatusy and B. vulgaris,* Among the Ammonites A, 
fimhrintus and A, striatus may be found in the Beiemnite Stone. 

The dark shaly marl especially, yields a number of small 
pyritic Ammonites, which may be found in the Stonebin'ow 
cliffj, and which are collected for sale at Black Ven. These are 
cut and polished for brooches, the species being Ammonites sub* 
planicostay and A. planicosta (Dudressieri), Species of Amherleya 
(£ucgclus) also occur together with JValdheimia numismalisj 
Pentacrinus hasaltiformiSy &c. 

Mr. Day has given a general Hst of fossils from the Belemnite Beds, 
which he regarded as the commencement of the Middle Lias. He 
however admitted that there was no real line of separation hctween the 
Lower and Middle Lias.f (See p. 33.) 

With regard to the palseontologicai horizons in i\\u division, 
there can be no doubt that the zones of Ammonites armatus, 
A. Ibex, and A. Jamesoni are represented : but \\q find no 
evidence here, and none elsewhere to separate these zones. At 
Fenny Compton we find the same general association of forms 
in beds grouped under the name " Jamesoni Beds " by Mr. 
Beesley, but this name was used mainly for convenience as the 
fossils of the zone of A. armatus could not be separated. So far 
as I know the zone of A. Ibex is nowhere distincily to be 
recognized in this country. 

Oppel doubtfully included the region of Ammonites armatus 
in this set of beds, and it was recognized also by Di\ Wright. 
Fine specimens of A. armatus, with large spines have been 
obtained from the neighbourhood of Lyme Regis ; but as they 
usually come from fallen blocks the precise horizon cannot always 
be stated. They arc mostly found at Black Ven, nnd some, at 
any rate, come from beds grouped with the zone of A. raricostatus, 

Oppel also recognized the zone of A, Jamesoni, with A, brevi- 
spina, Waldheimia numismalis, &c., evidently in the dark shaly 
beds below the Belemnite Stone ; and this zone was also placed in 
the Belemnite Beds by Dr. Wright, who records A. Jamesoni from 
'* Charmouth." I obUuned no examples either of this species, or 
of A, Ibex from Dorst^tshire. Oppel considered that the zone 
of A. Ibex containing A, Loscombei and A. Henley i occurred 
below his " jDat-oji-bett," but this assemblage belongs rather to a 
higher stage, being a part of the Green Ammonite Beds, to be 
shortly described. I am not aware that A, Ibex lias ever been 
obtained in Dorsetshire. . Dr. Wright mentions thit he had seen 
no example of the species from the district, and while refraining 

♦ J. Phillips, Monograph on Ikl 'xnuites (Palseonto/rmph. h'oc). 
t Quart. Journ. Geol. Soc, vol. xix. p. 290 ; see also Geol.and Xat. Hist. Reper- 
tory, vol. i. p. 193. 

E 2 



Zones of 

Ammonites 

Ibex, A, 

Jamesoni, and 

A, armatus. 

about 80 feet. 
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from a precise indication of the zone, he states that he recognized 
several fossils belonging to it, " as, for example, A. Valdani and 
A, MaugenestL in greyish-coloured clay beneath a bed with 
A, Davm"* 

From these remarks it may be inferred that the main litho- 
logical divisions, which we are able to make in the Lower 
Lias of Dorsetshire, do not correspond at all precisely with 
the ranges of the zonal species of Ammonites: an inference^ 
the truth of which is confirmed by a study of the Lias in other 
parts of the country. We have in fact, on the Dowetshire 
coast, as elsewhere, an inosculation of the zones which prevents 
our marking rigid limits for them. 

The following are the details of the Belemnite Beds : — 

Ft. In. 
Belemnite JStone. Hard pale-grey uneven 

marly limestone - - -06 to 08 

Dark shaly marls with much iron-pyrites, and 
pyritic fossils ; with nodules and impersistent 
masses of hard grey limestone, within two feet 
of the Belemnite Stone - - - 6 

Pale grey marls - - - - - 35 

Hard marly limestone and hard pale and dark 

frey marls, forming ledges in the gullies of 
tonebarrow ClifP over which springs fall. 
Thickness variable - - - - 6 
Grey shaly and micaceous marls - - 30 
I Marly limestones and shales - - - 1 
LShales 10 

Grey earthy limestone (top of Black Marl series). 

4. Green Ammonite Beds, — Above the Belemnite Beds comes a 
series of bluish-grey micaceous marly clays, with occasional 
indurated bands, nodules of hard grey limestone, and ferruginous 
layers, altogether about 105 feet thick. Towards the lower part 
of the series the limestone-nodules are most abundant and 
frequently contain specimens of Ammonites latacosta, Sow. 
These when cut and polished are sold under the name of "Green 
Ammonites '' because the spar filling the chambers is often of a 
green colour. The same Ammonite is abundant in the marly 
beds, but usually in a fragmentary state. Hence the name '' Green 
Ammonite Beds," adopted by Mr. Day, and which may be used 
as a general term for the marls between the Belemnite Stone and 
the Three Tiers.t 

Traces of these beds first appear in Black Yen, although on 
account of the slips and the difficulty of getting at the strata, they 
cannot be well examined. Proceediug eastwards they occur 
above the Belemnite Beds in Stonebarrow Cliff, and although 
traces of the Tiers are found in places, showing that the entire 
thickness of the beds is represented, only the lower portion is 
there well exposed. The beds however are clearly shown 
beneath the Three Tiers in Golden Cap. Commencing east of 
St. GabrieFs Water, they are exposed along the base of die cliffs, 
above the Belemnite Beds (which appear here and there), as far as 

■ II I I ^ ^i_ _ II _w._L ■- _ _i^^^i I I r * — ' 

* Lias* Ammonites, pp. 88>S9. 

t ^y> Qoart. Joum. Geol. Soo., toI. xix. p. 278. 
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the Coast-guard station at Seatown, where about 70 feet of the 
beds including the upper portion, may be seen. These beds do 
not appear east of Seatown, being let down on that side of the 
valley, below the sea-level, by a fault (noticed by Mr. Day), 
which has a downthrow of from 1 90 to 200 feet. Under the coast- 
guard station the beds are much disturbed and even contorted, 
features partly due to the fault and partly to landslips. 

Oppel grouped part of this series as the " Davoi-bett^ charac- 
terized by Ammonites Davcei, A. capricornus, A. fimbriatuSy and 
A. HenleyL Dr. Wright, who has also spoken of the beds as the 
zone of A, Davcei^ included them in the zone of A, Henlei/t, but 
unfortunately extended the zone above the Three Tiers, as high 
as the Starfish-bed, whereby he included a series of marls that 
are characterized by A, margnritatus* 

Ammonites latcpcosta is unquestionably the most characteristic 
fossil, and this species curiously enough has been regarded by Dr. 
Wright as the middle-age condition of A. Henleyi ; while Oppel 
speaks of it as a Capricorn- Ammonite,t and mentions his finding 
25 specicnens of A, capricornus at Charmouth. Some specimens 
of A, latcBcosta which I have collected, are regarded by Mr. E. T, 
Newton as very near to A. capricornus y and that species has been 
recorded from the Dorsetshire coast by Mr. Etheridge, as well as 
by Oppel as mentioned above. 

There is therefore good reason to classify the beds with the 
zones of A. Henleyi and A, capricornus, although the ^* Henleyi 
Ammonites " appear in the upper part of the preceding division. 

Among the species which T have collected are A, Bechei, A. 
Henleyi, A, striatus, A. DavcBiy and A, Loscombei, forms which 
are also characteristic of the same horizon at Chipping Norton in 
Oxfordshire. A. Loscomhei appears to be most abundant in the 
upper part of the Green Ammonite Beds", J but specimens occur 
in the same block with A. latcecosta. 

The details of the Green Ammonite Beds are as follows : — 

Three Tiers (base of Middle Lias). Ft. Ik. 

Sandy and ferruginous clay - - - "j 

Bluish-grey micaceous marly clay with ironstone [-12 
nodules and iron-stained limestone-nodules -J 

Micaceous daggy bed, sandy calcareous and 
ferruginous ; seen on the east side of Golden 
Cap - - - - - -10 

Bluisn-grey micaceous marly clay - - 20 

^.Henleyi, j Ferruginous band. Ammonites Loscombei *\ ig n 
about 105 feet. Bluish-grey micaceous marly clay - - j 

Occasional bands of indurated marl or limestone '] 

Bluish-grey marly clays with nodules of hard I 54 a 
grey limestone and ferruginous bands. | 
Ammonites latacosta, A. striatus, Inoceramus, J 

The above thicknesses are estimates taken from measurements at different 
places^ where the thickness varies a good deal : indeed on the eastern side, of 
Golden Cap a thickness of 125 feet was measured, from the base of the lowest 
lier to the top of tbe Belemnite Stone. 

* Wright, Lias Ammonites, pp. S9, 420. 

f Joraformation, pp. 155, 157. 

X See also Day, Quart. Joum. Geol. Soc., vol. 3ux. p. 291. 
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Concerning the Saurians for which Lyme Regis is noted, most 
of the remains have been found in the Blue Lias series of the 
Wet Cliff and of the Church Cliffs, and in the overlying dark 
shales and cement-stones of Black Ven. The 8[)ecie8 are thus for 
the most [lart preserved at higher horizons than is the case with 
the noted locality of Street in Somersetshire. Kemains of /cA- 
thyosatcrus (sec Figs. 2, 4, and 6, pp. 37-39) from the Blue Lias, 
are found generally in layers between the stone-beds, and a fine 
specimen of Plesiosaurus was obtained from these beds (zone of 
Am, BucJdandi) by Mr. Day.* 

Although for at least 100 years the fossils of Lyme Regis and 
its neifrhboiirhood have been collected for sale, it was not until 
1811 that Mary Anning, tlie most noted of the early fossil- 
collectors, obtaine^i the first specimen of Ichthyosaurus which was 
brought into scientific notice. This was originally described by 
Sir Everard Home, and in 1819 he gave the name Proteo-saurus ; 
but in the previous year Koenig had applied the name Ichthyo- 
saurus, and that name, largely owing to the labours of Conybeare, 
became known and adopted. 

In 1821 the same collector obtained remains of another Saurian, 
described by Conybeare under the name Plesiosaurus (see Figs. 3 
and 7, pp. 37,39); and in 1828 she procured (for the first time in 
this country) the Pterodactyl, of which the species described by 
Buckland is now known as Dimorphodon macronyx. 

Another noteworthy form is the Scclidosaurus Harrisoni, a 
Dinosaur obtained from Charmouth by James Harrison. This 
like many of the other fine Saurians, was obtained piece-meal 
and at intervals. 

Many species of Fishes have been obtained from the Lower 
Lias of Lyme llegis, and to a large extent through the personid 
exertions of the Earl of Enniskillen and Sir Philip Egerton. Little 
however, is known of the special horizons of these fossils, although 
many, such as ^chmodus, ChondrosteuSy Dapedius, Lepidotus, 
and Pachycormus are assigned to the zone of Ammonites obtusus. 
Other genera such as Acrodus, Hybodus, and Pkolidophorus , 
together with Dapedius have been obtained from the stone-beds 
below.t (See Figs. 8-11, pp. 40, 41.) 

The Co[)rolites originally described by Buckland were found in 
the same set of beds. (See Fig. 2, p. 37.) There are few 
records of any vertebrate remains from the Belemnite Beds and 
higher stages of the Lower Lias of Dorsetshire. 

Among Crustacea there are species of Eryon, ^ger^ Glyphea^ 
and Scapheuf. No Insects are known from the locality. Of 
Echinoderms, certain forms have been noticed in the lowest beds, 
while portions of Fentacrinus are found more or less plentifully 
at various horizons. The most striking form is the " Briaiean 
Encrinite" Extracrinus briarens (Fig. 40, p. 51), which being 

♦ Geol. Mag. 1864, p. 47. 

t See lists by Egerton in De la Beche*8 Report, p. 225 ; Wright, Lias Ammonitev 
(Falseontograph. Soc.), p. 61, 
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often found associated with lignite, was thought bv Buckiand to 
have attached itself in large groups to mas.-es of floating wood.* 

Of the MoUuscji, attention has been drawn to the ])revalent 
fbrms^ but it may be mentioned that many of t'lc species figured 
by Sowerby were obtained from Lyme Regis aid tiic neighbour- 
hood. Among these were A. Bechci (named a! tci D.» ia Beche), 
A, Birchii (after Col. Birch, a jjjreat frequcnier of Ljme\ A, 
Brookei (after H. J. Brooke), A, Dacm (afier S:r H. Davy), 
A. Henleyi (after H. II. Henley, the Loril of t'ne Manor), and 
A. Loscombei (after C. W. Lo?comi)e), together with A, fimhriatusy 
A, lafcBcosta, A, stellaris, and A. striatus. 

Among the Belemnites it may be mentioned thic Belemnosepia 
{Geoteuthis) was described by Buckiand in 18.36. Ten years 
previously he had obtained specimens exhii)iting remnants of 
fossil ink, samples of which were submitted !o Sir Francis Chantrey, 
who had a drawing prepared with the material. t The sepia was 
pronounced to be of excellent quality. Kemnin:^ of Xiphoteuthis 
have also been obtained, and Prof. Huxley haj described two 
species of Belemnites — B, clongatus and B, paxiUosus — with the 
ink-bags preserved. The latter species was obtained from the 
zone of Ammonites ohtusus,X 

Gasteropoda are by no means abundant at Lyme Kogis, but they 
are more plentiful east of Cliarmouth. No Polyzoa have been 
recorded, and Corals are extremely rare Some lew plant-remains 
have been found ; these belong to the genera Pachyphyllum 
(Araucarites) and Otozamites (Otopteris). In the hall of the 
Museum of Practical Geology, there is exhibited a trunk of 
Pachyphyllum (Araucarites) peregrinum, nearly 13 feet in length ; 
and preserved in the rock with it is a specinien of Ammonites 
armatus. 

Lyell figured, from the Lower Lias of Lyme Uegis, a specimen 
of lignite that contained the impression of an Ammonite.^ 

Two examples of Cycadean stems hiive alto been recorded 
from the ^' Lias "of Lyme Regis, under the names of Yatesia 
gracilis and Mantcllia (^Cycadeoidea) pygmcBa.\\ 

The conclusions to be drawn from the bcls seen in the cliffs 
of Lyme Regis and Charmouth are that we find in upward 
succession, beds yielding Ammonites planorbisy A. angulatusy A. 
Buchlandi^ A, semicostatti? and A, Tumeric A. obtusus, A, 
oxynotuSy A. raricostatus, A, armatus, A, Henleyi, and A capri^ 
cornus, (represented chiefly by A. latcecosta). We find a blending 
of the zones of A. angulatus and A, Bucklandiy of A. semicos- 
tatus and A, obtusus, of A. raricostatus and A. armatus. 

Following the beds across country we find the same general 
succession maintuincd, and similar evidences of the association of 
zonal species which link the strata intimately together, without 



* Bridgewater Treatise, 1836, p. 437. 

t Bridgewater Treatise, 1836, p. 305 ; Proc. Geo!., Soc. vol. i. p. 97. 
X Monograph on the Belemnitidse (Geol. Survey), 1864. 
§ Elements of Geology, 1838, p. 399. 
Camithers, Trans. Linn. 8oc., vol. xxvi., pp. 689, 703. 
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interfering with the sequence of the specie?. Inland we have to 
depend on comparatively limited sections, sometimes revealing 
evidence of a single zone, in other cases of a blending of two 
zoneH. It must be remembered however that to obtain good 
specimens in situ is often a difficult task: the best examples, 
whether from brickyards or quarries, being most frequently 
obtamed from workmen or from the spoil-heapj", so that the 
precipe position of each fossil cannot always be determined. 

Inland sections, Dorsetshire and Deiwnshire to Memhury and 

Chard, 

Proceeding inland from the Dorsetshire coast, the Lower Lias 
limestones may be traced at U ply me and Axminster, and thence 
by Membury to the hiiihcr part of the Y?rt Vnlley near Buckland 
St. Mary ; but their ontcrop is much obscured by the overstepping 
of the Upper Grecnsnnd and Clialk, which form the dominant 
features in this area. 

The quarries at L'plvuio are situated a short distance north-west 
of the church ; and in the one known as Fowler's quarry, about 
25 feet of Lower Lias limestone and clay may be seen resting on 
the White Lias. 

In this neighbourhood, al?o near Axminster, and again near 
Street in Somersetshire, there is sonrietimes a difficulty in readily 
determining the junction between the l^ower Lias and White 
Lias. Among the Loiw-er IJas limestones there are beds of 
pale marly limestone and com[)act limestone that much resemble 
beds of White IJas, and locally the term " AVhite Lias " is applied 
by the quarrymcn to them, while the name *^ White Rock " is given 
to the true AVhite Lias. To this fact we may attribute 
Dr. Wright's grouping of the White Lias in the zone of ilmmo- 
nites planorhis^ a gronping that was strongly o]>posed by Charles 
Moore * and has been shown by subsequent observations to have 
been based on a mistaken identification of the beds. 

it will be noticed however at Uplyme, as well as at Pinhay Bay, 
that the White liicis, ^vhich yields Modiola minima, Ostrea liassica, 
Cardinm rhcpticum, and Pecttn valoniensisy contains here and there 
throughout its mass, nodules or pebbles of compact limestone, that 
stand out conspicuously on the weathered surfaces. These 
included portions of limestone arc sometimes more compact than 
the matrix, but in no case do they differ from beds representeid in 
the White Lias. They appear to be due to some contemporaneous 
destruction of the beds, and when I accompanied Sir A. Geikieto 
the Dorsetshire coast in 1885, he suggested that the calcareous 
mud may, during the accumulation oF the strata, iiav-e been from 
time to time exposed to the sun's rays, so that films of mud might 
Jiftve curled-up, and thes^, if subsequently rolled by an incoming 
tide, would be shaped^ into the lumps which form so conspicuous 

♦ Quart. Joani. G«<)I. Soc, vol. xvii. p. 483 ; Wright, Ibid., vol. xvi. p. 396 ; and 
Lias AmmoDites (Pal. Soc), p. 21 ; also H. H. W.V Proc^ Geul. Assoc, yoI. xi. 
p. xxz. 
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a feature in these beds. As already noticed (p. 9), evidences 
of contemporaneous erosion are not uncommon in other strata, in 
the Inferior Oolite, &c. 

At Uplyme the White I^ias is directly overlaid by about 
10 inches of brown laminated marly clay as at Pinhay Bay ; above 
comes a band of sandy limestone, and then blue and pale grey 
limestones and clays, the lower portion of which represents the 
zone of Ammonites planorbis. This species has been met with, 
together with A, JoknstiniyanA slabs covered with Ostrea liassica 
are noticeable. Spines of Cidaris and Hemipedina were observed 
by Dr. Wright* OryphcBa arcuata occurs within a few feet of the 
White Lias, and we find also Avicula, Modiola, and Wuldheimia 
perforata. Lima gigantea appears in the higher beds, which no 
doubt represent portions of the zone of -4w. angulatus. 

The Lower Lias limestones are well shown near Axminsler, in 
quarries by the London and South- Western Railway north of Wey- 
croft. The beds have been worked for a long period, and their 
fossils early attracted the attention of Buckland, who was bom 
at Axminster in 1784. lie has given a description of the beds 
with the local quarrymen's names ; and it is noteworthy that the 
terms Burr (or Bur), Anvil, Size, and Firestone aro employed at 
this locality, and also at Uplyme. The names are applied without 
respect to relative horizon, but to the character and uses of the 
beds. The Burrs furnish good building-stone, so do the Anvils, 
which form "a bed of irregular anvil-shaped blocks.'' The 
Hrestone, is a "white building-stone, used also for forming the 
arch-work of lime pits." The Red Size (described as " white lias 
inclining to grey ") is used for paving and buiiding.f 

At Greatwood, north-west of Wcycroft, the term Firestone is 
applied to a cherty limestone, and here, as well as in a quarry 
north-west of Longlea, Mr. C. Reid found thin beds of sandstone 
intercalated among the thick- bedded earthy limestones. Near 
Buckland St. Mary he noticed that the Lower Lias occasionally 
contains lenticular masses of impure lignite, such as are seen near 
Charmouth. 

We have no records near Axminster of the full thickness of 
the Blue Lias series, but the quarries do not show more than 
15 or 20 feet of stone-beds. Judging from the evidence obtain- 
able, there is reason for believing that the stone-beds of Lyme 
Begis rapidly diminish in thickness towards the north ; a large 
part of the zone of Ammonites Bucklandi being represented by 
days with subordinate bands of stone, near Axminster and along 
the eastern borders of the vale of Taunton, as we know to be the 
oaae further north along the Polden Hills. Modiola minima occurs 
in the bottom beds of rubbly limestone above the *^ White Rock *' 
(White Lias) at Tolhay ; there the beds above consist of dark 
blue clays and shales with interrupted layers of limestone, whose 

' * Lias Ammonites (Palwontograph. Soc.), p. 21 ; see also Quart. Joum. GeoL 
Soc., Tol. zyi. p. 397. 

t Buckland, Trans. Geol. 8oc., Ser. 2. vol. i., p. 98 ; Keliqaise DilaviansB, Ed. 2, 
1824, p. 242. 
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separation In some places ap[)ears to be due to the effects of 
disturbance. Mr. Reid observed that near Sarle and at Chappie- 
croft the Sun Bed on top of the " White Rock," exhibited an 
eroded surface with borings of Mollusca. Remains of Otozamites 
have been obtained from the Lower Lias near Membury and 
Axminster. 

A<;aiD, proceeding inland from the Dorsetshire coast, we find 
the Lower Lias clays developed over a considerable area in the 
higher part of the Char valley — a tract known as the Vale of 
Marsh wood. An occasional brickyard affords some clue to the 
character of the sub-strata, but there are few sections and no marked 
features to guide us in fixing the boundary between the Lower 
and Middle Lias. It should, moreover, be borne in mind that 
on the coast there are several faults, while the Oolitic district to 
the eas?t is very much dislocated. So that no doubt many di^ 
turbances affect tlie clayey beds in the Vale of Marshwood, 
although we have no evidence, such as would be furnished by the 
interruption and displaceinent of hard strata or recognizable 
bands of stone, to indicate the position of faults. Further north, 
near Axminster and White Staunton, where the limestones out- 
crop, the Lower Lias is shown to be much faulted and broken ; 
some of these disturbances affect also the Cretaceous strata, while 
others ap[)ear only to liave influenced the older beds. 

The Lower Lias clays occur over much of the country east of 
Weycroft, near Hawkchurch and Chard junction in the Axe 
Valley, and in the valley by Chardstock and Wambrook — the 
limestones being brought up in one or twi) places by faulta.* 
North-east of Chard the clays are again exposed, but in this area, 
as in so many others, we have no sections to indicate the palseonto- 
Ic^cal horizons, and to help in fixing the boundary-line with the 
luddle Lias. 

Mr. C. Reid ascertained that at the Ship Inn, near the 
reservoir at Chard, a well was sunk 22 feet to black shale, which 
bornt, and had a very offensive smell. Doubtless it was this 
shale, which m iny years ago led to a fruitless trial for coal, when 
about 3,000/. was uselessly expended. Mr. Reid was iofoi'med 
that a shaft was sunk 100 feet, and a boring was carried to a 
forther depth of 300 feet in the " Lias,*' but no particulars fare 
known.t The reservoir is based on a platform of limestone, ^but 
this may be only a band in the Lower Lias clays. 

Vale of Taunton to Ilminster. 

In the escai-pment bordering the Vale ol Taunton, the Lower 
Lias reappears from beneath the covering of Cretaceous rocks, 
and is not again so concealed throughout its course. 

The lower portion of the Blue Lias series is exposed in many 
places along this escarpment ; and quarries have been noted by 

♦ See De la Beche, Report on the Geology of Corawall, Sec, p. 290. 
^DelA Beche, Heport, p. 515 ; Geol. East Somerset (Geol. Siirvej), p. 4S. 
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Mr. Ussher north of Holmin Clavil, near Feltham, Hayne, and 
on Pickeridge Hill. The stone Ims been long quarried south of 
Thurlbeer wliere bhie limestones (Thurlbeer Stone) and shales have 
been opened up to a depth of 16 feet. Resting on the White 
Lias^ here and at Belmont, are two thin layers of limestone, known 
as the '* Hat and Cap." (See p. 78.) 

An excellent section of the Lower I jias and Rhsetic Beds was 
exposed in the railway-cutting at Hatch Beauchamp. The beds 
are faulted, and the Lower Lias limestones and clays are bent 
into an anticlinal in one portion of the cutting. Charles Moore 
assigned a thickness of about 60 feet to these beds, but the con- 
fusion into which the higher beds are thrown renders this estimate 
doubtful. From the abundance of Ostrea liassica throughout the 
series^ it is evident that the beds belong to the zone of Ammonites 
planorbis. Moore notes this fossil, also O. intitsstriata (in the 
bottom-bed), and Monotis (Aricula) decussata{? = Jf. fallax) in a 
bed of blue marl, about 10 feet above the White Lias, while 
Pholadomya ambigua occurred some w.iy up, and Pecten pollux at 
the top of the series.* 

Other quarries exposinir 20 to 25 feet of the lowest beds of 
the Lias and the White Lias, may be seen near Beer Crocombe, 
Curry Mallet, Fivehead and Curry Rivell. The Lias beds 
exposed in all these quarries, belong to the zone of Ammonites 

SlanorbiSy which includes at its base the Saurian zone of Mr. 
[oore, and the Ostrea-beds.t Limestones and blue clays were 
observed by Mr. Ussher on Barrington and Abbey Hills and 
near Curland ; and these beds probably belong to the zone of Am. 
BucUandi. 

A quarry at Curry Rivell showed the following section : — 

Ft. In. 

f I . rEven beds of blue limestone and slaty marls 

^^^JfA^ J or shales - - - - - 10 

I L^ 1 Whitish marly limestones and clays with 

piawmns. (^ Modiola minima and Ostrea liassica - 6 

rSun bed, with irregular corrugated surface, 

I in places penetrated by small perfora- 

Rhaetic Beds. <^ lions refilled with limestone of similar 

I character - - - - - 6 

L White Lias limestone, Modiola minima - 10 

The perforations in the Sun bed (first noticed by Messrs. Bristow 
and Etheridge), were probably the burrows of Annelides in the 
soft calcareous mud of the Rhaitic period, and therefore contem- 
poraneous with the sediment now consolidated. J 

The clays of the Lower Lias extend northwards from the neigh- 
bourhood of Chard, over Ashill and Neroche Forests, south of 
. Hatch Beauchamp, and thence towards Ilminster, Isle Abbots, and 
..Hambridge, north of Puckington. The beds are covered here and 



*. Qnart. JourD. Geol. Soc, toI. xxiii. p. 469. 

f See Moore, Quart. Journ. Geol. Soc, yoI. xvii. pp. 485, 490. 
^ J. H. Blake and H. B. Woodwani, Geol. Mag. 1872, p. 196 ; Memoir on the 
Geology of East Somerset, See. p. 7S. See also Vertical Sections, No. .*>, Sheet 47, 
by H. W. Bristow & B. Etheridge. 
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there by patches of gravel, or of cherty detritus from the Green- 
sand hills. At Broadway, north-west of Ilminster, a well (accord- 
ing to Mr. Roid) was sunk 90 feet in clay, and at Ashill the 
*' Lower Lias marls " were proved to a depth of 80 feet. 

A cutting by the railway east of Horton near Ilminster, showed 
the following section : — 



Lower Lias 



Gravel ... - about 

{Stiff blue clay with nodular and septarian 
limestones ; Belemnites and Cardima 12 to 
Sandy limestones . - - about 



Ft. In. 
4 



15 
4 








The evidence for marking out zones in the Lias in this area is 
thus extremely meagre. As indicative of the zone of Ammonites 
capricornuSf it may be mentioned that in the Bath Museiun there 
is a specimen of A. Dai^m from the neighbourhood of Ilminster. 

At Hambridge Mills, a boring made in 1873, was carried to a 
depth of a little over 300 feet, as follows : — 



Lower Lias 



f Dark blue clay 
I Blue lias rock 
J Clay 

^ Clay and two bands of rock 
Clay 
Clay and rock, alternating - 



Ft. In 

121 1 

11 

41 3 

4 9 

21 10 

119 2 

309 



Vale of 11 Chester and the Polden Hills. 

Passing on to the Vale of Ilchester and the Polden Hills, we 
still find the main limestones to belong to the zone of Ammonites 
planorhis. (See Fig. ^^, p. 206, and Fig. 84, p. 263.) The general 
divisions are as follows : — 



Lower Lias --{ 



'4. Blue and brown clays 
3. Clays with bands of limestone 
2. Even-bedded grey argillaceous and 
compact blue limestones and 
shales, and fissile or ** slaty " 
marls - - - - 

1. Rubbly white or pale grey earthy 
limestones and marls (locally) ; 
resting on the White Lias 



about 



»> 



Fekt. 
200 

80 



20 to 40 



6 to 10 



The lower beds (1) contain Ostrea liassica and Modiola minima^ 
and are seen in some road-cuttings near Somerton, and near 
Walton windmill, Street. They form passage-beds between the 
White Lias and Lower Lias, rendering it in some places 
perplexing to fix a line of demarcation.* In the even-bedded 
umestones (2), which are largely quarried, Ostrea liassica is abun* 
dant (in the lower beds), and Pletiromya crowcomheia^ small speci- 
mens of Lima gigantea^ and Ammonites planorhis y may generally 
be found. Saurian remains also occur. Some of the more compact 



*** See Geology of East Somerset, &c., pp. 108, &c. 
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bands of blue lias resemble the Sun bed or Jew stone* that occurs 
on the top of the White Lias. 

The stone-beds are mainly confined to the area of the river 
Yeo, and west of the Fosse Way. Numerous quarries indicate 
their presence in the outliers north of Langport, near Long 
Sutton, Somerton, Kingsdon, Charlton A.dam, King Weston, 
and KeintOK Maiidefield.f Among the more important are the 
quarries at Highbrooks, between Long Sutton and Kingsdon, and 
those at King Weston. There -we find even-bedded and persistent 
bands of limestone (4 or 5 inches thick) and clays. Slabs of stone 
6x10 feet in size are obtained, for paving-purposes ; blocks are 
shaped for building-material ; and some beds are used for road- 
metal. Perhaps the best sections are exposed near Keinton 
Maudefield, and the following account of the Stipstone quarry 
(named after the field in which it is situated) gives the names 

in local use : — Ft. In. 

f Posts. Limestones and clays (used for 
road-metal) - - - - 

Thin yellow. Limestone in three beds - 

Shale 

Thick yellow. Limestones with Ani' 
monites planorbis ' • . - 

Shale 

Thin corner or Corn stone. Lime- 
stone with Lima gigantea 

Shale .... - 

Thick corner. Limestone 

Thick white. Shelly limestone 

Thin white. Limestone - 

Cream. Limestone (poor bed) - 

Red liver. Shelly limestone 
•^ Thin black. Limestone (used for out- 
door paving) - - - - 

Thick black. Limestone (used for out- 
door paving) - - - - 

Thin cover. Limestone (used for paving) 

Thick cover. Limestone (used for 
paving) . - - - - 

Clog. Limestone (used for building) 

Blue paviour. Limestone (used for 
paving) - - - - - 5 

Heath stone. Limestone with Ichthyo- 
saurus (used for curbs) - - - 5 

Thin Firestone. Limestone (used for 
curbs) - - - - - 3 

Thick Firestone. Grey limestone (used 
L for curbs) - - - - 1 2 

(About 6 feet down to White Lias^ with no good stone.) 

The "Thin Comer" and beds below, are all used for making lime for building 
and agricultural purposes. Many of the limestones are used for building- 
purposes, and some tor troughs, steps, &c. The beds are often spoken of as 
*' sizes/' and they lie very close together with but thin partings of shale. 

Immediately north of Queen Camel, a fault has upraised the 
White Lias, together with the overlying limestones of the Lower 

* This is sometiines spelt Dew stone ; see remarks on Dhu stone, p. 296. 

t A section at Pbbury, east of Langport, was noted by Moore, Qoart Jonm. 
GeoL Soc., vol. xyii. p. 91 ; see also Wright, Ibid.y vol. xyi. p. 391 ; Dawkins, Ibid,, 
vol. XX. p. 404, and Geo!. Uag., 1864, p. 258. 
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Zones of 
Am. Bueklandi 
void A. 
angulatus. 



1 



6 




Lias ; and the beds are largely worked all along the ridge known 
as Camel Hill. Here the mass of the stone-beds belongs to the 
zone of Ammonites planorhis. An interesting section was exposed 
along the Great Western railway^ and this was described in great 
detail by Charles Moore. The higher beds are now much 
obscored, but they include the zones of Ammonites angtdatus^ 
and A. Bueklandi^ and probably portions of overlying beds. We 
find here, as elsewhere along the exposed tracts of Lias north 
of Lyme Kegis, that the zone of Ammonites Bueklandi is for the 
most part represented by clay with comparatively few bands of 
limestone. Moore s account of the Queen Camel section may be 
summarized as follows : — 

Ft. In. 

Thick beds of mari, with bands of limestone 60 
Alternations of marl and limestone; the 

marl preponderating - - - 48 

Bine clay with Ammonites angulatus - 4 

(Alternations of limestone and day • - 5 

[Limestone with Am. planorbis and Gryphaa 

areuata - - - - - 4 

Alternations of limestone and marl or clay, 
yielding - - • - ' -> 97 

Am. JohnstonL 

planorbis. 

Nautilus. 
Astarte. 
Cardinia. 
GryphsBa areuata. 
Lima duplicata. 

Hermanni. 

Modiola minima. 
Monotit (Avicula). 
Myacites. 
Ostrea liassica. 

muldcostata (arietis). 

Pecten sublams. 
Unicardium cardioides. 
Pentacrinitea. 
Echini. 
Ostracoda. 
Foraminifera. 
Saurian and Ostrea Beds. Alternations of 
limestone (** firestone," &c.) and marl 
Am. planorbis. 
Modiola minima. 
Monotis (Avicula). 
Lima. 

Ostrea liassica. 
Cidaris Edwardsi. 
Insect and Crustacean Beds. Alternations 
of more or less laminated marl and lime- 
stone* - - • . . 
Lepidotus. 
Modiola minima. 
Erron wilm^otensis. 
Insects. 
Rha*tic Beds. White Lias, 



Zone of 
Am. plamorbis.' 



5 5 



4 9 



225 2 



* 9^^ ^^' ^^^ *^** el*<»where in the district to the trest, is called tlte "Hal 
anil Cap, because the stone flake* otf wht»n quarried, in the foim of a bat or ei^ 
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Moore's measurements thus give a thickness of 107 ft 6 in. for 
the basement-beds of the Lower Lias^ yielding Ammonites plan- 
orbis : a thickness elsewhere equalled at Rugby and near Carlisle. 
The evidence in this district, if not quite satisfactory, shows 
that these beds at any rate increase greatly in thickness from 
their main outcrop on the west and north-west. It is interesting 
moreover to note the occurrence of the Insect and Crustacean 
Beds, which so closely resemble those of Wilmccte and other 
parts of Warwickshire and adjoining tracts. 

Some of the bands of limestone (16 to 18 feet above the' White 
Lias) are much jointed, so as to shatter when struck with the 
hammer, like certain beds in the Lower Lias of Aberthaw ; 
similar beds are seen along the Poklen Hills. 

Among the fossils collected at Queen Camel by Mr. J. Rhodes, 
were Hippopodium (cast), Pholadomya, Bhynchonella, and fVald' 
keimia perforata. The occurrence of Hippopodium at so low 
an horizon in this part of the country is noteworthy. 

Approaching the Mendip Hills we find the general line of 
outcrop much modified. In the Polden Hills the strike U W.N.W., 
and the beds outcrop towards the south. (See Fig. 84, p. 263.) 
Northwards they occupy a synclinal at Glastonbury, Meare, and 
below Brent Knoll, rinsing again near the Mendip Hills, although 
not without evidence of faulting. 

In 1860 Dr. Wright published a section of Mr. Cree's quarry 
at Street, observing that he had compared it with the sections 
afforded by the quarries of Messrs. Seymour, Underwood, and 
Talbot in the same parish, and found that the variations in all 
these sections were so inconsiderable, that any one might be said to 
represent the others, both as regards the sequence of the beds and 
the fosidls they contain. That this is the case may be seen by 
comparing Uie section noted by Dr. Wright with that noted by 
myself 25 years later : — 



Mr. Cree*! QoMry, Street. 
Dr. T. Wright. Itm.* 



Ft. In. 



Mr. Joseph Seymour's Qtiarry, 

Overieigh, Street, iss.".. 

Total depth, about £o lect. 



Ft. In. 



1. Li^i<«)loiiTed mariy day. Top 
BSD. Saurian bone§, .-iMmoniYM 
planarbig - - - - 

St. Light-ookmred Umeatone, A, plan- 
orbit . . - - 

3, Yellowish laminated shale, Ich- 
ikvotauruB iHtenncdius, A. plan- 
orVittlAma punctata^ Isastrrea 
(tai^naandroidea) 

i. Light-coloured slmly limestone, A. 
pianorbii - - - - 

5. Hard grey limestone. Building 
Stoitb. a, planorbia, Lima 
pnmetatOt I*, gigantea - 

e. Dark-gr^ shale. A, planorbit. 
rnkme^otCidarit - 

7. Dark-grey limestone. Corn-size 
BviLDiiro-STOVB. SpineH of 
ddaritt bones of Ichthyosaurus 
tenuirostris - - - 



3 
9 



I 3 

! 4 

7 

3 

6 



Thin frrer limestone, much jointed. , 
Brown clay - - - -20 



Pale-bluish limestone. Yellow 
Bed, occasionally used for road- i 
metal and paving • - -OS 

Laminated simly clay • -30 



Limestone. Top Rock 
Shale - 
Limestone 



:i' 



9 



Hard blue limestone. Cobx size, ' 
used for building • • • 11 



• Qiiart.-^otim. Geo!. Soc. vol. evI. p. 800; Wriurht, Lias Ammonites (Pa1a>ontograph Soa). 
p. 16; and T. Mellard Readc, Proc. Liverpool Geol. Soc, vol. iii. p. 99. See also Section at Pym 
Quyiy JStreet, by Messrs. Bristow and Etheridgc. where th^ local names of bpds, a{rreeing in 
the main with those above noted, are g?von, Vertical Sections. Sheet 47. No. 2; and Section 
of Cree's Quan7, Street, by R. F. Tomei. Quart. Joum. Geol. Soc, vol. xxxiv., p. 1S3. 
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Mr. Cree's Quarry, Street. 
Dr. T. Wright, 1860. 



Ft. In. 



Mr. Joseph Seymour's Quarry, 

Overlelgh. Street, 1885. 

Total depth, about 20 feet. 



Ft. In. 



8. Dark laminated shale, Osirea 

Uastica - . - - 

9. Dark-^rey limestone, FiVE-iNcn 

Building-stone. O. liassica - 

10. Dark shale. O. liassica 

11. Dark-prey limestone. Six-inch 

Building - Stone. Cardinia 
crassiuscvXa, Lima punctata^ O. 
liassica - - - - 

12. Dark sliale .... 

13. Hard greyish limestone, consisting 

of two four-indi beds. White 
Stone. Beat paving-bed. Fos- 
sils rare ; 0. tiassica, Modiola 
minima .... 

14. Hard dark marl. Saubian Bed. 

Jaws of Saurians and Fishes. 
Ichthyosaurus intermedius, 
Plesiosaurus Hawkinsi - 

15. Fine-grained greyish limestone. 

Cbeam Bed. Fine -grained 
paving-stone. Ostrca, Modiola • 

10. Brownish limestone. BiBP livee. 
Paving-stone. ¥^ fossils 

17. Dark-ooloured liiiMgfonfi Black 

Stone. Used fcur large paving- 
slabs, some of ttiem 10 ft. oy 5 ft. 
Modiola minima, Ostrea liaS' 
sica, Myacites (Pleuromya), 
Shynchonella calcicosta (varta- 
hUis) .... 

18. Dark -blue shale. Ostrea liassica, 

Modiola minima • - . 

19. Hard greyish limestone. Six-inch 
. Buildivo-stovs. Modiola mi- 

nima, Otirm I4a$9i0a 

20. Soft bluish slisld - 

21. Greyish -blue lioMstone. FouK- 

INCH Buildiho-btonb. Fossils 
as in No. 19 - 

22. Dftrk-groy laminated shale. leh' 

thyosaurus intermedius, I, 
tenuirostiHs - - - 

23. Hard blue limestone. Blub Clog, 

or One FOOT BuiLDiBG-BTOirB, 
used for steps. Ostrea, Modiola, 
BhynchoneUa - - - 

24. Grey laminated shale. Saurians 

ammi lant. Ichthyosaurus inter- 
medius. I, t^nulrostris, Pholu 
dophoms . - • ■ 

25. Greyish limestone. Gbbt Clog. 

A valuable building-stone, used 
for stops, troughs, oc. Modiola 
minima . - - - 

26. Dark shale - - - - 

27. Thin-t)cdded limestone. Thbbb- 

INCH Blue Bed. Fish-remains, 
M. minima, Otozamites (Otop- 
teris acuminatus 

28. Thick blue limestone 

29. Hard fine-grained limestone. FiBB- 

stone . - • - 

SO. Hari grey fine-grained limestone. 
Pies osaurus ^theridgei (« P. 
Ha*nkinsi) (in Husoum of Prao- 
ti'^ul Geolc^) ... 

31. Hard grey limestone, forming the 
bottom Dod. Fibbstone Bottom 
Bed. Plesiosaurus Hawkinsi - 



4 













5 
3 



6 
6 



8 



9 



3 



4 



4 
2 








6 
2 



4 



4 



1 



1 3 



1 










2 



3 
5 



4 

4 

1 



20 



Marly shale ... 
Blue limestone. Bunch Back 

Shale .... 
Blue limestone. Clay Bat 
Limestone. Whit or White Stone 
Rid . . . - 

Dark shale ... 
Limestone, ferruginous. Thick whit 
or white . - - 

Do do. Thin whit 



Limestone. Clipt. used for floor 
ings. [This passes into Shale, 
Cebam Shale in Mr. Z. Sey 
mour's Quarry.] 
Irreeular limestone. Cbbah 
[A Ded of clay Cbbah Shell Clay 
intervenes in Mr. Seymour's 
Pit.] 
Irregular Limestone. Bed liveb 



Do. 



do. 



Black stone 



Shale 



Limestone, solid and sound. Six- 
inch Bed, used for curbs - 

Shale - , . . . 

Limestone. Livet, or Libbbts 

Shale. [This is a shaly limestone. 
Blub Clog Shalb In Mr. Z. 
Seymour's QuarryO 

Limestone. Blue Clog, used for 
steps, buildings, &c.. sometimes 
used for columns, and chimn^- 
pieces, takes a good polish. 

Shale. Ichthyosaurus communis, 
[This is a kmestone Gbby Clog 
bHELL, in Mr. Z. Seymour's 
Quarry. J 

Limestone. Geey Clog, building- 
stone. 



Limestone. Top Blue 

[This occurs in two Sizbs, 6 in., 
known as Thiv Blub, in Mr. Z. 
Seymour's Quarry.] 
Limestone. Thick Blub, used for 

paving. 
Lunestone. Fibe Bed, used for 

paving. 
Shale • • . . . 

Limestone. Bottom Blub, used 

for paving. 

Limestone. Bottom Fibb - 
[A bed of shale 5 in. Nbw Found 
Out Bid., intervenes in Mr. Z. 
Seymour's Quarry.] 
Limestone. New Found Out, used 
forpaving. 
[Fish, Qrcads, Bain drops.]* 



n 6 

7 

3 

6 

S 

6 









3 

4 



8 

6 

5 

4 

8 
Oil 

6 

8 

3 

4 

6 

2 
6 

7 

4 
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• Noticed by T. Mdlard Reade. 
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At Mr. Zachariah Seymour's Quarry at Street, the thickness of the beds 
meumred, was 17 feet 11 inches from the Yellow Stone to the New Found 
Out, the depth of the quarry being about 19 feet. The details of the beds are 
almost identical with those noted above. From this quarry a specimen of 
Blue Clog, polished, was presented to the Museum of Practical Geolc^, by 
Mr. Seymour, llie New Found Out is here 8 inches in thickness. 

Ai Street man j fine examples of Ichthyosaurus and Plesiosaurus 
have been obtained, and Thomas Hawkins, who resided at 
Sharpbam Park, was furnished with mucli of the material for his 
illustrated work on the " Great Sea Dragon?." 

That the] beds bave proved so rich in Saurian-remains^ is no 
doubt partly due to the extensive workings for stone, but it is 
partly due to the energy of local observers. 

Tn addition to the species mentioned, Plesiosaurus ( I'hauma- 
iosaurui) megacephalus and P, macroeephalus have been obtained 
in the neighbourhood ;* and a few years ago Mr. A Ifred Gillett, of 
Overleigh, procured a very perfect specimen of Ichthyosaurus 
tenuirastris, now in the British Museum, and lately descrit)ed and 
figured.t Mf* Gillett has also obtained a number of Fish-remainp, 
including species of AmhlyuruSy Dapedius, Leptolepis, and Phc- 
lidapharus, ' Among other fossils T obtained specimens of Area, 
Asta^te, CardmUh Cardium, Gryphaa arcuata (small), Lima, 
Pleuromya, Waldheimiay and Thecosmilia. 

With regard to Corals, both Heienutrcea (Isastrcea) latimcean- 
draidea (== 'X Murchisoni of Wright) and H. ySeptastr(Ba) Haimci 
have beien recorded ; the occurrence of the latter species has been 
considered MToneons;^ but Dr. Wright states that he extracted 
it from the clay at Street, tn situ.^ 

Evidence of the Zone of Ammonites angulattis has been obtained 
in the northern portion of the village of Street. Excavations 
Iaidymade.(i891) &t Mtod's Batch, have opened up beds of clav 
with btada of limestone, from which the following fossils have 
been obtained by Mr. Gillett and Dr. G. J. Hinde : — Ammonites 
anguiatui, A. Johnstoni, booklets of BelemniteSy Qryphaa arcuata 
(•mall), Gressfya galathea, Unieardium cardioides, Rhynchonella 
e^dcicasia, and WaJdheimia perforata, 

' The- liowCT Lias limestones, and the Rhjetic Beds have been 
weU exposed' in the cutting of the Great Western railway at 
Puabally Aeai^ Puriton, and in the adjoining Cement and Lime 
Works beldn&inff to Messrs. John Board & (^o. The quarry 
shows the following beds : — 



• I 



' ^ BM^Hnzlej; Qnart. Joam. Geo!. Soc. toI. xvi. p. S91. 

t B. Ljdekker, Geol. Mag., 1891, p. 289. 

X ToneSi^ Qiutft^ Joam. Geol. Soc, vol. xxxiv. p. 183 ; Uinde, Ibid., vol. xliv. 
p^ aS4} UMDancao, Ibid,, vol. xxiii. p. 18 ; Supp. Foti. Corals, Pal. Soc., Part iv. 
p.d; • ' 

S Fjroe. Cottetwold Clab, vol. W. p. U7. 

B 70859. F 
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:} 



Lower Lim -<^ 



f Rubble and clay - - - - 

Top Lias. Limestone - - - 

Shale - - - - - 

Second Lias. Limestone . . - 

Shale . . - - - 

r Limestone 
Two FivB-iNCHBs < Shale - - . 

I Limestone 

Shale 

Six-inch. Limestone used for building; 
it cuts out well, but will not stand the 
weather - - - - - 

Shale . . - - 

HousB Paviour. Limestone 
DuNCH Paviour. Limestone 
Shale - . . . - 

Sandstonb. Hard limestone 
Second Lias. Limestone . • - 

Shales - . - - . 

Oloos. Two beds of limestone 
Shales with Modiola minima - . - 

LiTTLB Paviours. Three bands of lime* 
stone and shales (ground up for making 
cement) - - - - 

Bottom Lias. Shelly limestone with 

Pleuromya crowcombeia • 
Burning Scalb. Fissile limestone^shale - 
Cembnt. Dark fissile shaly marl - 
Black Scale. Blue shaly or earthy lime- 
stone (put with Obmbnt shales, for 
making cement, otherwise the material 
will not set) - - - - 

Grey and yellow earthy limestone, appearing 
to merge into the bed below. Oitrea 
liasnca, &c. .... 

RLetic Bed3.{»«^f^^^ J ^ompwi Hmertones. (Top of 



Ft. 


In. 
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10 
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2 



1 8 
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1 7 



A section at Puriton, showing about 30 feet of the Lower Lias 
with Ammonites planorbiiy &c., was recorded by Messrs. Bristow 
and Etheridge.^ The higher beds consist of clays with bands ot 
limestone^ so that we have evidence, confirmed by the new railway** 
outtings between Bridgwater and EdingtOD, that the zones of 
Ammonites angulaius and A, Bucklandi are not represented by 
any great mass of limestones in this neighbourhood. This was 
to be inferred from the clayey character of the northern slopes 
of the Polden Hills, and of the island of Lias that appears in 
the moors at Meare^ where we find clay with only occasional bands 
«>f limestone. 

In a quarry at Bawdrip, adjoining the new railway to 
Edingtou, the lower beds of the Lower Lias were exposed to a 
depth of 20 feet The)' consist of thick layers of argillaceous lime- 
stone and slaty marl^ on the horizon of the limestones worked at 
DunbaJL 

In the railway-cuttings near by> and onwards to Cossington, we 
find a considerable development of the higher blue sh^es and 



*2^'ertical Sections (Geol. Survey), Sheet 4« No. 1. 
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clays, with bands of marly limestone, and sometimes hard and 
compact beds, even-bedded or nodular, that represent mainly the 
zone of Ammonites Bucklandi. Near Kings Farm these beds 
were seen to dip in a northerly direction, and to be faulted 
in three places. Beyond, in the direction of Cossington, the 
beds are bent into an undulating synclinal fold, and thence 
outcrop for some distance with regularity, dipping in a southerly 
direction at an angle of about 15 decrees. In this great series^ 
which may be estimated at 160 feet thick, there is a band of lime- 
stone to about every 4 feet of clay, and these beds may be traced 
on, until thev are underlain by 20 feet of the lower limestones 
belonging to the zone of Ammonites planorbU. Very few fossils 
appear in the beds, but Ostrea liassica ranges about 50 feet 
aoove the basal limestones 

I have been informed by Mr. Henry Corder, of Bridgwater, 
that some large Ammonites were obtained, also Nautilus^ large 
specimens of Lima gigantea^ some with Ostrea attached to them, 
Oryphcea arcttata^ and Rhynchonella calcicosta. Mr. J. F. M. 
Clarke (the Resident Engineer), who kindly accompanied me 
along the railway, obtained bones of Ichthyosaurus, Coprolites, 
small specimens of Cypricardia, Lima tuberculata, and Pecten 
suttanensis {P. Pollux),* 

In the lower limestones, Mr. Corder has noted a bed, about 
6 feet above the White Lias, crowded with Pleuromya crowcomheioy 
as at DunbalL Remains of Pletiosaurus were found east of Cos- 
sington. Here also Ammonites planorbis occurs in abundance, and 
some remains of Otozamites were obtained by Mr. Clarke. The 
beds are &uilted at many places along the railway, but the 
southerly dip, before mentioned, helps to bring up ijie Bhietic 
Beds near Cossington. They are well shown in cuttings by the 
railway-statioD. The junction-beds were as follows : — 

Ft. 

Olays with two or three massive beds of I 
argillaceous limestone - - - V 

Clays and thin stone-beds - - - J 

Pale laminated calcareous shales 
r^^hite Lias, four beds of pale and compact~l 
limestone, with clay partings; yielding 
Pleuromya, Cardium rhceticum, Lima I 
pr'cBCursor. - • - - ^ 

The lowest bed resembles Gotham mar- 
ble in texture. 

Bluish -grey and yellow shaly clay with 



In. 



Lower Lias • 



Rhaetic Beds '^ 



9 
6 



4 9 



*'race*' 



Bed of hard banded limestone 
Dark blue aud black paper-shales rusty at 
top, with thin limestone-layers and nodules 
L of limestone, exposed to depth of - 



4 
1 



6 
1 



16 



.. The uppermost clayey division of the Lower Lias, occurs over 
the flat meadow-land bordering the Marlstone escarpment^ nt 
Long Load, Martock, Ilchester^ Mudford^ Marston Magna, and 



* Identified by 6. Sharman. See account of railway-cuttings, with diagram- 
section, by J. F. M. Clarke, Proe. Bath Nat. Hist Clab, 1S91, yoI. yii. p. 127. 
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Bimpton. North of Camel Hill^ the claya occupy the surface at 
Sparkford, North and South Barrow, Babcary^ Wheathill, and 
E^t Lydford, whence they extend around Hornblotton in the 
country north-east of the river Bnie^ to the fi^ot of Pennard 
Hill. (See Figs. 43, p. 90, and 84, p. 2G3.) 

The clays are worketl here and there for brickmaking, &c., as 
at Butleigh, and near North Barrow, and they have been exposed 
in some of the railway-cuttings. 

- The beds contain occasional bands of linie8tone5 as at Stone, 
near Hornblotton. These stone-beds sometimes furnish a limited 
supply of water. Thus on South wood Common, near Evercreecb, 
a well, sunk 10 feet in sandy shale and marl, found water ; whiie at 
a short distance to the north-west by the high road, a well was 
sunk 60 feet deep, and yielded little or no water. 

One of the most interesting fossil-beds in the Lower lias clays 
in this area, i) the famous Ammonite-marble of Marston Magna 
north-east of Yeovil. Various accounts have been published of 
the discovery of masses of this stone, which consists almost 
entirely of small Ammonites whose white pearly layer is W6& 
preserved. They comprise A, obtusus and A., jdanicosttu Like 
a bed, previously noticed, at Lyme Regis, it belongs to the zone 
of Ammonites obtusus, sometimes locally termed the asone of A. 
planicosta. According to Maton the stone was discovered in 1778 
in the opening of a marl-pit ;* but a specimen of it, in the British 
Museum, was in the original coUcfction of Sir Hans Sloane, who 
died in 1753. 

I am informed by Mr. Alfred G-iUett, that a large and 
apparently nodular mass of this stone was obtained at Marston, 
when a well was sunk about the year 1815 ; and this mass, 
weighing a ton or more, supplied many of the specimens known 
from this locality. On inquiry I ascertained that a well had been 
sunk near the church, to a depth of about 70 feet, and that the 
stone had been obtained there, though at what depth was not 
known. Sowerby observed that it was found ^^ in moderate masses, 
occasionally big enough to form tolerable sized sideboards."t 
Being polished in the neighbourhood of Yeovil, some confusion 
has arisen on the application of the term '< Yeovil Marblo ;" a term 
given by some to the Forest Marble of Long BuricMi, and by 
others to the Marston Marble. :( 

A specimen of Ammonites Dudressieri (an old form of A. plam- 
costa\ has been obtained by Mr. Gillett in a limestone-nodule 
from the Lower Lias clay of Northover, near G-lastonbury. 

Evidence of the zone of Ammonites oxynotiu was to be found 
in the banks of the Brue above Hornblotton Mill, where beds of 
stiff blue and bluish-grey clay are exposed here and there beneath 
th6 valley-gravel. In 1868 I collected a number of small 



* W. Q. Maton, Observationf on tlie Western Coanties, vol. ii. p. 21. 
t Sowerby, Mineral Conchologj, vol. i. p. 167, and Tab. 78, and 406. The 
A. Smthi, Sow., if regarded by wrigfat as a young form of A. obtusus, 
X J. TowDwnd, Character of Motet, pp. 105, 275. 
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Aimttonites many of them pyritic, including A. axynotus, A. 
Birchil, and A. trivialis. 

Lower down tho bed of the stream, bands of stone occur here 
and. there in the days, giving rise to ledges that form Hmall 
caacades along the course of the stream. 

The brickyard south-west of Hornblottoii Mill, showed about 
12 feet of blue shaly clay ^mssing up into grey and brown clay, 
with a layer of septnrian nodules. Here I obtained Ammonites 
semicostatHSy and Avicula. 
' From the bluish-grey marly and sliglitly micaceous shale^ thrown 
up during a wcU-sinking west of Sutton near Alhampton, I 
obtained a number of small pyritic fossils, including Ammonites 
JSirchii, A. Simpsoni (not previously recorded from the south of 
England)^ Gryph(Ba, Avicula^ and Pecten, It b interesting to. 
learn that in 1729 J. Woodward noted that Ammonites occurred 
in vast numbers in a marl-pit at this locality.* 

Blue clay weathering brown on top, with impersistent bands of 
eaitby limestone, containing much iron-pyrites, and numerous 
small Ammonites, including A, ox/piotus, Delemniiesy Rhynchonelld, 
&c., was exposed in cuttings near the Evercreech station, and near 
Priestleigli. But T obtained no fossils in the excavations north 
of Everoreecli station, at the Somerset Pipe, Tile, and Brick-' 
AYorksy where grey slightly micaceous clays with a layer of cement 
stones, were exposed. 

Shepton Mallet^ Wellsy and Uphill. 

Proceeding towards the Mendip Hills, there is evidence on the 
north of Pennard Hill of a greater development of limestone in 
the lone oi Ammonites Bucklandiy than has been noticed else- 
where in Somersetshire on the south side of Mendip. There is 
also some attenuation in the beds below. 

In the railway-cutting west of Pyllt* station, there may be seen 
about 10 feet of blue shaly clays, contdining Rhi/nchonella calcieosta, 
Pecten, nnd Khyncholites. The clay rests on a band of limestone 
with large specimens of Lima gigantea^ and on alternating beds 
of grey earthy limestone and dark shale^. At the quarry 
belonging to the Somerset Lime and Cement Company, lower beds 
are shown as follows : — 

Marly limestones and clay - 
Grey limestones and clays or shales with 
Ammonites Bucklandi ... 
Limestones, about 15 bands, with thin part- 
ings of shale - - - - 

The beds of bluish and yellowish clay and limestone present a 
riband-like appearance, the stone being iron-stained on the joint- 
faces. Pyrites occurs here and there in thin layers. Fossils are 
scarce, but large specimens of Lima gigantea, Gryphaa arcuata, 
Ostrea irregularis, and bones of Ichthyosaurus ai*e to be found. 
The stone, is burnt for the preimration of lime and selenitic 
cement. 

* Nat. Hist. Foss. England, vol. i. Part 2, pp. SB, S7. 
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In a quarry north of Street, near Pylle^ the same beds have 
been exposed, yielding Pholadcmya, and other fossils. Lima 
pectinoides also occurs in this neighbourhood. These beds belong 
to the zone of Ammonites Bucklandi ; and it is likely that they 
are faulted on the south, owing to the nearness of the Middle 
Lias on Pennard HilL 

Northwards, at Beard Hill and around Pilton, the beds are 
clearly faulted, mostly in an east and west direction, roughly 
rarallel with the folds in the older rocks of the Mendip Hills. 
Fractures and disturbances have in places modified the particnlar 
relations of the Lias to the Mendip range. Near Sfaepton Mallet 
and Wells, the Lower Lias extends on to the older rocks of 
Mendip ; and judging by the outliers of Harptree Hill and 
Ajshwick, it evidently crossed the plateau in places, if it did not 
entirely envelope that region. Westwards at Wedmore the beds 
dip away from the Mendips. 

West of Pilton a quarry showed blue limestones nnd day with 
Ammonites planorhis and A. auffulattis, capped by white rubbly 
and marly limestones and clay. These pale limestones were 
shown also in a quarry north of Westholme House, and in the 
Great Western railway-cutting west of Shepton Mallet (p. 87). 

A section on the Somerset and Dorset (Midland) railway, east 
of Cannards Grave, and south of Shepton Mallet, showed the 
following section : — * 

Ft. In. 

Dark bluish-grey mottled limestone (full of 
Belemnites), pale marly beds, earthy and 
iron*shot limestone and clay - about 6 

Thin stone and clay. 

Blue clay with bojids of grej earthy lime- 
stone, yielding small pyritic Ammonites, 
A. oxvnotus, A. Infer, Belemnitet, AtficuUiy 
Gryphea arcuata, Lima, Pecten, Rkyn- 
chonella variabilis, Pentacrinus, &c. about 30 

Hard blue sandy limestone, weathering") 
yellow : Ammonites Conybearei - - I 

Massive even-bedded limestones (8 or 9 beds): f 
Nautilus, Gryphaa arcuaia - -J 

Thin irregular limestones and blue shaly 
clays, in riband-like beds—the stone-beds 
stamed yellow in places. Ammonites 
Bucklandi, Ldma gigantea Gargc) - 

*c -^ ^ j Hard marly limestone - . . 

-< Grey marly clays with indurated band: 



Lower i 
Lias. ^ 




8 




. 23 
6 



RhsBtic r White 



Modiola minima 



1 8 



"Mottled somewhat earthy limestone, like' 
Sun -bed in places ... 

EuuBi^iu J ff uti/c J Hard compact limestone - . - l i< 

Beds. \ Lias. "S White Liaa limestones and bluish marly f 

j shales, with beds of creamy and bluish I 
[_ limestone : Modiola minima, Ostrea liassicaj 







* See also Oeol. East Somerset, &e., p. loi. 
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Zone of 
Ammomiei 



4 



At Shepton Mallet a fine section of Lower Lias and Rhaetic 
Beds was exposed in the cutting west of the Great Western 
railway-station. This was described by Charles Moore, and the 
section was afterwards measured by Messrs. W. A. E. Ussher, 
J. EL Blake, and myself,"^ while a number of fossils were col- 
lected by R Gibbs, and identified by Mr. Etheridge. 

The beds shown may be summarized as follows ; the species 
within square brackets are given on the authority of Charles 
Moore : — t 

Ft. In. 
Hard blue and grey limestones mostly 
unevea, with alternate bands of blue and 
brown clay. Anunonites BuekkauU, A, 
Conybearei, A, anffulatus, {NaiMus striatms, 
Chemnitzia nodutomm], Plewroiomaria, Car- 
dinia, Gfyphea areuata, lAma gigantea, 
L. antimiata, Pecten, Pholadomya prima, 
Unicaraium cardUndes, Tereinratula, [5/n- 
^ riferina Walcotti], Pentacrinus - about 12 
Zone of I Pale rubbly limestones and clays - - 1 1 1 

Am, angukUui. \ Pale bluisb-grey limestone. A. angvlatus - 4 

"Hard and soft blue and grey limestones, 
separated by bands of dark blue clay. 
Zone of J Ammonites planorbi$, [A. Johiutom], Car- 
Am, planorUns, ^ dinia, Lima gigawtea^ [L. tvbereulata']^ 

OHrea lias$icaf [O. intuistriata'], Pecten 
Pollux, Rhynckonella ealcicasta - about 5 
*VTiite Lias. 

Among other fossils collected, were Hemipedinay Modiola 
miMma, Ostrea multicostata, and Cryptcenia rotell(BformU, As 
Hoore has pointed out, the beds yield spme of tlie forms 
chamcteristic of the Sutton and Southerndown Beds in South 
Wales; but we have no indications in this section of the peculiar 
lithological characters seen in the Lias of Downside, Shepton 
Malletf although the upper beds in this railway-cutting become 
rather more sandy and more closely-bedded than the lower, as do 
some of the upper beds of limestone in the section (previously 
noted) east of Cannard's Grave. It is noticeable, however, that 
many Gasteropoda occur, especially in the Zone of A, Bucklandi ; 
among these, Moore recognized Cerithium nodulosum, and species 
of TurriteUoy Littorina, Pleurotomaria, &;c. In the same beds a 
number of Foraminifera and Ostracoda were found. 

The limestone-beds seen near Cannard's Grave, are exposed also 
near the Midland railway-station at Shepton Mallet, where a 
quarry showed about 22 feet of blue and grey limestones, 
separated by thin shales. The stone, which is burnt for lime, 
yields Lima gigantea^ Gryphcea areuata, and fine specimens of 
Ammonites Bucklandi, 2 feet in diameter. The full thickness of 
the Lower Lias stone-beds is upwards of 50 feet. 

Still further north, we come to the area of the " Lias Con- 
glomerate," although actual conglomerate is the exception. The 
beds consist of sandy, granular, and shelly limestones, some of 

• Vertical Sections (Geol. Survey), Sheet 46, No. 15. 

t Moore, Quart. Joarn. Geol. Soc., vol. xxiii. pp. 505-510. See alto Wright^ 
Lias Ammonites (Palseontogr. Soc), p. 12. 
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them identical in character with the white beds ot Sutton an 
Glamora^anshirey as pointed out by De la Beche.* In both cayse^i 
the be(Tp rest directly on the Carboniferous Limestone (sj^e., 
fig. 43» p. 90), and therefore it can hardly be questioned tihat * 
their characters are due to the same causes. They are in dctr 
granular beds of limestone of detrital origin, derived largely (ron^ ' 
the destruction of the Carboniferous Limestone. In some cases, 
moreover, on the Fosse road, north of Shepton IViallet, upd aga^ . 
in Glamorganshire, us I know from personal experience, it ift 
very difficult on a first inspection, to distinguish the thick beds of 
Lower Lias where the clay-divisions are absent, from the Car- 
boniferous Limestone — ^a fact pointed out by Do la Beche. 

These beds have been exposed to a depth of 20 feet in th^ road- 
cutting leading from Shepton Mallet Church towards Downside, 
and south of the Midland railway; and also in a quarry by the 
side of the viaduct that crosses the road. No marked divisions 
occur in the series, which comprises thin beds of limestone wiih 
ferruginous specks, passing down into massive beds of hard pale- 
grey, buff, and white sandy and granular limestone with but iittle 
clay, and wiih chips of chert. There is an impersistent bed of con- 
glomerate 6 inches thick (seen in the quarry), and it is composed 
mostly of chert, with some pebbles of Carbonifei'ous Limestone. 
A few quartz pebbles occur, and they are also occasionally to be 
seen in the oniinnry beds of Lower Lias, exposed at Shepton 
Mallet: no doubt they are derived from the conglomeratic beds 
in the Old Red Sandstone of M endip. 

The lowest beds consist of a shelly rock with exists of Modi0lky^ 
Ostred liassica, O. muWcostata (arietis), and Litfwdomus. Tbesik 
soft shelly beds were exposed also at Bowlish, where Limii> 
occurred abundantly. . ; ; 

Many other species have been recorded from these rocks. In 
the Museum at Jermyn Street there are specimens of Pecten 
Pollux (or suttonensis), Lima tuberculata, /,. pu7ictata, i.' 
duplicata, Hinnites, and Pecten insiynisy which were collected by 
Mr, Alfred Gillett Moore has published a more considerable 
Iist,t but there has been much difference of opinion about the' 
precise identification of some of the fossils, and the same diffi* > 
culty occurs with respect to the Sutton and Southerndown spedes; * 
Quite recently, the Kev. H. H. Winwood has obtained specimens^ 
of Ammonites Johnstoni and Lima gipantea: an interesting dis- 
covery, as the Ammonite has not previously been recorded from 
the white granular limestime of Shepton Mallet. 

The evidence, as in South Wales, is in favour of the beds 
belonging for the most part to i\ie zone o^ Ammonitet planorhii,' 
but including in this locality portions also of higher zones. 

The road between Bowlish and Windsor Hill has been ex-r 
cavated where the railway croj?ses it, and hero beds of Lias lime- 



* Mem*. Geol. Survey, vol. i. p. 27(5. Bucklaud and Conybeare, Tran«. Gcol. 
Soc, ser. 2, vol. i. p. 303. 

t Quart. Journ. Geo'. S:}c., ^o!. xxiii. p. 509. 
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8lone of the ordinary type have been exposed. At Windsor Hill 
the cutting at the entrance of the tunnel^ shows the Lias faulted 
against the Carboniferous Limestone. From this locality Moore 
obtained many fossils indicating the zones of Am. angulatus and 

A. Bucklandi, and including many species found in the conglo- 
meratic Lias of South Wales, To the north-west, the con- 

flomeratic beds of Lias extend by Chilcot to East and West 
lorrington. 

The higher division of the Lower Lias, noticed in the railway- 
cutting by Cannard's Grave, is worked to the east tor the manu« 
facture of red bricks, drain-pipes, and tiles. It consists of blue 
slightlj calcareous clay, weathering brownish-yellow^ nnd contains 
occaaipnaL layers of cement-stone. Northwards, ch\yey beds 
extend along the base of the Inferior Oolite series, at Doulting 
and Ckdtynch : but we have no evidence at present to say whether 
Middle and n|>per Lias are to any extent represented at thofe 
localities* Near Bodden, it is possible that some of the higher 
stages Tof thfc Xower Lias may be present in the form of lime- 
stone, as'Ti^ fihd to be the case near Radstock ; but pala^onto- 
logicatevidehoe is wanting. 

Beds :cif ecSbglomeratic Lias limestone were ex[)osed in a 
s wallet* hole ^by the Seven Acres Spring on the south side oi 
Beacofi 'tiflh The limestone, which is pole grey and i^ery tough, 
contains tiny pebbles of quartz, scattered through the mass of the 
rock, and clustered together here and there abundantly. ' The 
surface-boundary of the Lias and Old Red ScinJstone ~ here 
oorrespwds roughly with the underground boundary -of Lower 
Limestottes Shales and Old Red Sandstone, the Shales being con- 
cealed locally by the Lias. Hence it is that Swallet Holes occur 
in this tract where the Lias is banked up against the Old Red 
Sandstoiie. Through the kindness of Sir H. M. Paget, I had the 
opportunity of breaking up some large blocks of this Lias lime- 
stone, bat no fossils rewarded tiie labour. The stone was formerly 
quarried by Beacon Hill Farm. (See Fig. 43.) 

The Lower Lias limestones have been quarried north-east of 
Wallcombe near Wells, while in a lane-cutting near East Milton, 
a section showed the sequence of beds down to the White Lias, 
&C. Attention was first directed to this exposure by the Rev. P. 

B. Brodit.* The beds were as follows : — 

Ft. In. 
Zonttof r Bluish-grey argillaceous limestones, irregular, 
AmmmU^ } and separated by beds of blue and brown 



BmcklarndK^nd \ ^^*7' ^"^^ gigantea - - - - 26 

KMCMAiia Hard and compact light grey limestones with 

thin shaly partings . - - .70 

^Hard maily limestones and slaty marls - 2 7 

. Hard smooth-jointed bluish-grey limestones, 
MMnm wi / becoming marly in places, separated by shaly 
A.planarhu. \ ^ with*Mo*o'/a minimi - - ' - 1 10 

LMarly bed with 3f . minima - - - 5 

Khsti R d« / Compact bluish-grey limestone (Jew Stone) - 10 

\ White Lias. 



A, angnl4UM$. 



Zone of 



* Quart Joum. Geol. Soc., toI. xsii. p. 93 ; see Vertical Sections, Geol. Surrey, 
Sheet 46, No. 14. 
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Here the junction with the White Lias 19 not so clearly defined 
as it is in the railway-cutting west of Shepton Mallet : but it is 
noteworthy that the Lia3 limestones present their ordinary 
characters^ in proximity to the Mendip range. The Lower Lias 
limestones are well shown in places south-west of Wedmore^ near 
Heath House, where the beds resemble those near Shapwick and 
Ashcot on the Polden Hills, and the lower beds at East Milton : 
they contain Ammonites planorbis and Ostrea Itassica, 

The Lower Lias is exposed in the nulway-cutting near Uphill, 
where it is faulted abruptly against the Carboniferous Limestone. 
The fiiult, which is a reversed one, was depicted in sections drawn 
by the Rev. D. Williams,* William Sanders, and others.t Beneath 
the Lias, the Bhietic Beds and Keuper Marls are exposed, faulted 
in sereral places, llie Lias presents its ordinary characters, as 
follows : — 

Fr. In. 

ZoneofJflRJRoiii^efr Alternate beds of light-coloured limestone 
BuckUmdi, &c. \ and shale, with Lima gigantea - - 10 

{Dark grey laminated shales and thin bands 
of limestone, with ilmmoai^Mj^tofiorM • 14 
Dark shales and bands of limestone with 
Ostrea Uassica - - - - 7 4 

nv-^n^. /Alternations of limestone and marl, with 
luimciieas. -j^ 0. Uassica, nxid Modiola minima - - 12 

It is noticeable here, that the White Lias becomes more marly 
in character, so that the limestones, as at Penarth, are subordinate ; 
moreover there is no great development of Lower Lias limestones, 
the beds belonging to the zone of Am, Bucklandi being represented, 
as on the Polden Hills, mainly by clay. 



West Somerset. 

The Blue Lias series is well exposed in the cliffs of West 
Somerset, between Sturt Point and Blue Anchor. The eastern 
part of this coast-line is far from accessible, and has not attracted 
much notice from geologists ; but all along, many instructive 
sections are to be seen, while the numerous faults and the effects 
of denudation form interesting subjects for study. (See Fig. 44.) 

Probably the earliest reference to the Lias in this area was 
made by Leonard Horner,:^ and long subsequently it was noticed 



* Tmni. Geol. Soc., Rer. 2, vol. vi. p. 562 ; Proc. Geol. Soc, toI. iy. p. 294 ; and 
Quart. Joorn. Gfeol. Soc., toI. i. p. 48. 

t Geol. East Somerset, Plate III. p. 24; and H. B. Woodward, Geol. 
Kag. 1S70, p. 289 ; Geol. Eng. and Wales, Ed. 2, p. 14 ; H. W. Bristow and B. 
Bthcridge, Vertical Sections (Geol. Sorvey), Sheet 46, No. 3 ; Wright. Quart. Journ. 
Geol. Soc. Yol. xyi. p. 8S8, and lias Ammonites (Pid»ontogr. Soc.) p. 11 ; Moore, 
Quart Joorn. Geol. Soc., toI. xri. p. 445 ; and W. J. Sollas, Proc. Geol. Afsoc. 
Tol. Ti. p. 885.. 

J Trans. Geol. Soc., toI. lii. p. 367. 
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by De la Beche, and some of tlie sections have been described by 
W. Boyd DawkinSy H. W. Bristow, and B. Etheridge.* 

During the years 1871-3^ Mr. J. H. Blake was engaged in a 
re-Survey of the Secondary tracts in West Somerset, and he then 
revised the botmdaries of the Lower Lias, and marked with great 
care the exposures of beds on tiie foreshore and the numerous 
faults that affect them. 

The strata tliat are shown, include tlie zones of Ammonites 
planorbis, A. angulatiiSy A, Bucklandi, and A, stmicostatus (or 
A, Thirneri). No representatives of any beds as high as the zone 
of^. oxynotui, are known to occur in the area. 

As on the opposite coast of Glamorganshire,' the beds^'wliieh 
consist of a series of limestones and shales or cKiys, iare by no 
means rich in fossils, though here aiid there hiyers occfur that 
abound in organic remains, or these may be niet with in patches 
or shoals in otherwise unfossilifcrous rock. 

Owing to the extent of coast-line, the inaccessibility of certain 
portions^ and the numerous faults and undulations, it is difficult to 
determine the limits of the several divisions, and to measure with 
accuracy the thickness of the beds. Here and there the Rfasetio 
Beds or NVw Red Marls form the mass of the cliflk 

We find in the lowest division (zone of A. planorbis) that lime- 
stones are not so prominently developed as at Street and at 
Lavemock, brt these beds are surmounted, as at Lavernock, by a 
grey marl d<vigion that may be grouped with the zone of 
Ammonites aujulatus. Still higher we come to the main mass of 
blue limestones, which here, as at Bunraven and eastwards on the 
Glamorganshire coast, belongs to the zone oi Ammonites BucUandi. 
Above these beds there is again a considerable thickness of grey 
marls with subordinate bands of argillaceous limestone. These 
represent the zone of Ammmiites semicostatus, and may perhaps 
include portions of still higher beds, for west of Kilve I obtained 
a specimen, doubtfully referred by Messr:?. Sharman and Newton 
to A, densinodus. 



i The following is the general succession of the strata seen along the ooast of 
West Somerset : — 




5. Dark grev shaly marls with thick hands 
of argillaceous limestone, and , near the 
hase, a cdnspicuous hand of paper- 
shales. Seen in cliffs ahove the cave 
east of Kilve Pill, hy Kilve Farm and 
westwards to Quantockshead ; also 
near Donniford Kiln, hy the Bathing 
Cove at Watchet, and to the east of 
Blue Anchor. Lm^e Ammonites, A, 
semicostaius, A. Tumeri, Cardinia, 
PetUacrinus. 



Ft. In. 



Ft. In. 



r 



40 to about 45 Q 



..r.» 



' f 



'** Vertical Sections (Geol. Survey), Sheet 47, No. 6 ; Utheridge, Proo. CottdsiVb* 
Club, vol. vi. p. 85; Dawkins, Quart. Journ. Geol. Soc., vol xx. p. 397. 
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Ft, In. Ft. In, 
Alternations of grey limestones, some- 
times in thin bands, with shales and 
shaly marls, but merging into a more 
prominent mass of blue limestones 
with thin shaly marls. Seen in the 
diff 8 at Sturt P ; also west of Little 
Stoke, by cave east of Kilve Pill ; 
at base of cliffs, by gangway near 
Kilve Farm, and thence to Quan- 
tockshead. 
3. Alternate bands of thin blue and yellow 
(irop-stiiined) limestones, 25 or more 
in number, with blue and sometimes 
brown marly shales. The limestones 
being jointed and standing out 
irregularly, present a zig-sag appear- 
ance amongst the clays. On the 
whole there is a larger proportion of 
clay or shale, especially towards the ^•About 40 
lower part Seen in cHffs to the west 
of Little Stoke; at the base of 
Quantockshead ; upper part of St. 
Audries. Portions of tnis division 
are &alted against the Keuper Marls 
at the Bathing Cove, Watchet. 

These stone-beds yield Awummites 
Buellandi, ffauiilus, Pleurotofnaria, 
Qrfpluta arcuata, Lima giganiea, 
Rkynekonella calcicosta, Peniacrinus, j . 

f 2. Dark girey shale and grey marl with ) 

J I only occasional bands of limestone. | 
ft^ Seenat sevcsnJ points at base of cliffs >^ to 36 
f ) between Little Stoke and Kilve PHI ; [ 
• (^ St. Audriev. Ammonites anffulatus, J 

I. Sltty marls, dark shales, and bands of limestone. 
Amaumiies pktnorbiSf A. Johnstoni, Ostrea lias- 
«fea, Pultoiira aretdcolu ? (with shell), Modiola 
mimma. . These beds rest on the White Lias S-20 
Series, and may be seen at the top of the Qiff, I 
east of Little Stoke, at St. Audries, to the I 
west^of Watchet, and near Blue Anchor. J 

Rhntic /"White Lias, consisting of grey shaly marls, limestone- 
Beds. L shales, and beds of compact limestone • about 8 

Along tbif coast the Lower Lias is first exposed in a low cliff, 
that rises to a height of 20 or 30 feet, at Sturt Point east of 
Benhole Farm, and to the west of Stolford. Here we find blue 
shaly n>ar)i md hard jointed limestones, which probably belong 
to dSvisions 4 and 5 ; but the only fossil I obtained was a doublM 
specimen of Ammonites semxcosiatus. The limestone-bands form 
ledges along the foreshore, stretching in various directions 
according to the lie of the strata, which are repeatedly faulted.* 
Some of these bands are much veined with caic-spar, owing po 
doubt to the effects of disturbance and fracture. 

Old lime-kilns (mostly deserted) are to be seen here and there 
near the margin of the cliffs, the stone being occasionally burnt 
for building-lime. 
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To the east of Little Stoke, the New Red Marl appears at the 
surface not far inland, owin^ to faults. Hence along the coast 
westwards to Blue Anchor we find the cliffs changing abruptly 
from Lias or KhsBtic Beds to Bed Marls. Here and there we 
find large stacks of Lower Lias limestones and shales, which in 
some instances have broken away and slipped from faulted masses 
in the cliffs. 

A fine section of Lower Lias and Rhastic Beds is exposed 
immediately east of Little Stoke gap, and these beds are faulted 
further east against the Lower Lias, traces of the black Rhsstic 
shales being squeezed in along the fault-plane. The lowest beds of 
the Lias here consist of limestones, thin Umestone-sbales, and dark 
shales. 

From Little Stoke to Kilve the beds exhibit many undula- 
tions and fiiults, with downthrows on the east, so that lower and 
lower beds are presented to view as we pass westwards, and we 
come to grey shales with flattened specimens of Ammonites 
anffulatus, belonging to division No. 2. 

A cave has been excavated in the beds at one point, and to 
the east of this, there is a fault with apparently a considerable 
downthrow on the west Ammonites and other fossils are 
occasionally to be seen on the platforms of rock on the foreshore 
west of the cavern, but the specimens are too firmly imbedded to 
be hammered out 

West of Kilve and below East Quantockshead, there oc^ur the 
finest of the Lias cliffi on this coast, the limestones are well-shown 
but they are not very accessible, for an occasional bluff or head- 
land impedes the progress of the pedestrian. Still further west- 
ward a fault brings these Lias limestones and dark shales 
abruptly against the Red Marls. Thence towards St. Audries we 
can trace the upward succession, in highly inclined strata, from the 
Red Marls with bands of hard limestone, through the Rhsetic 
Beds to the Lower Lias. (See Fig. 44.) 

The Lower Lias Limestones at St. Audries consist of jointed 
yellow limestones and shales, resting on a thick series of grey 
shaly marls with .occasional bands of limestone (30 or 35 feet thick), 
and these again repose on beds of limestone and laminated lime- 
stone-shales with Ammonites planorbis, Ostrea liassica, Modiola 
minima, &c. 

Slabs covered with specimens of PuUastra, having the shell 
preserved, have been obtained from shales nenr the base of the 
Lias at St Audries, and again by the gangway west of Watchet 
and near Blue Anchor. 

A detailed section of the Lower Lias at St. Audries, showing 
about 40 feet of these strata, has been recorded by Messrs. Brbtow 
and Ether idge.* The western portion of the cliffs is not clearly 



* Vertical Sections, Gteol. Sutt., Sheet 47, fp. 6. See also Wrighr, Lias 
Ammonites (Palnontograph. Soc.), p. 12. 
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shown. The beds may possibly be faulted with a downthrow on 
the west. 

Proceeding towards Watchet, we lose the cliffs for a short 
space, wd pass along a beach Formed largely of Lias stones, which 
are collected here and at St. Audries, and conveyed by donkeys to 
Donniford kiln. On the foreshore Ammonites Turneri occurs 
in shaly limestone, and in the low cliffs succeeding, ^e find shaly 
marls with thick beds of argillaceous limestone (^loiiging to 
Division 5)» These beds are capped by gravel, wl^ch towards 
the east forms the whole of the low cliff, giving it a rMdish-brown 
appearance. The stones are chiefly Devonian, Lias Jbeifig rare if 
not absent 

Continuing towards the Bathing Cove, we find shafy marls and 
paper-shales much jointed, with occasional thick bands' of lime- 
stone, exposed in the cliffs and on the foreshore, but fflrdlted in 
places. LiHrge Ammonites suggestive of A. stellaris occur, but 
in the cliffs at the Bathing Cove, apparently on a higher horizon, 
we find A. Turneri in beds of grey marl and shale with occasional 
limestone, fthown to a thickness of 25 feet. These beds are faulted 
to the north ai^ainst grey limestones and shaly marls with 
Gryph(Ba arcuata, strata which are themselves faulted again 
further north against the Keuper Marls. Whether in this 
district theireare any marly and clayey beds above the^ zone of 
Ammonites semicostatus is not clear, for the beds are so 
repeatedly faulted ; further palseontological evidence is much ^ be 
desired. . ^ 

West of Watchet the Lower Lias limestones v^ith Ammonites 
Bucklandi^ have been quarried near Saxon House, and here the 
beds incline seawards, bein^ however faulted against the Red 
Marls, &o. which form, for ixiQ time being, a protecting face of 
cliff. As soon as the Red Marls are denuded the Lias will 
rapidly break away. Between Watchet and Blue Anchor the 
beds are again much faulted and disturbed. 

About midway there is a gap in the cliffs, on either side of 
which the Lower Lias is exposed. On the eastern side- we find 
division ] : thiu fissile shaly limestones breaking up into rhom- 
boidal masses by jointing. Here the stone from the beach is 
hauled up an inclined plane to a lime-kiln. Iridescent AHimonites 
occur here, including A. planorbis and A. Johnstont. Dr. 
Wright has . observed that these shales yielded the original 
specimens of Ammonites planorbis and A. Johnstonr, figured by 
Sowerby in his "Mineral Conchology." The nacreous flayer of 
the shells is beautifully preserved.* 

On the west side of tfaia g^fekftoi-pass a small mass of the lower 
Rhffitic beds and Keuper Marts, faulted against Lower Lias. 
These beds consist of alternations of grey earthy limefitone and 
shale, and here some plant-remains were obtained from the Lias 
by Mr. S. G. Perceval. The beds are much slipped and probably 



* Quart. Journ. G«oI. Soc., rol. xri. p. 884 } and Lias Anunomtes (Pal»ontogr. 
Soe.), p. 18. 
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also fiiulted: for thej include portions of division 5, because 
among the wreck of marly beds we find A, Turneri and A. 
sUllaris ? Siill further to the west we find tlie famous Rhaetic 
section of Blue Anchor, with the basement-beds (1) of the Lower 
Liias on top. 

It is noteworthy that in this district^ where the Rhastic Beds and 
Lower Lias liordfer the older (Devonian) rocks, they do not 
exhibit the conglomeratic conditions shown in some other ^places. 
It seems probable that the beds are faulted against the Devonian 
Rocks, near Selworthy, where the dip of the Lower Lias, &c. has 
been noted as from 15° to 23°, by Mr. J. H. Blake; at any rate 
we have no evidence pointing to a Liassic sea-margin anywhere 
in West Somerset. 

Mendip Hills, 

It has been shown that in some places, the lower beds of the 
Lower Lias border the Mendip Hills and fringe its slopes, and 
that on its summit there are patches of Lower Lias in places. 
There can be no doubt, therefore, that some portions of the 
Mendip area were above water, either as a promontory connected 
with the Glamorganshire area, or as islets in the Liassic seas. It 
is difficult to estimate the amount of sediment accumulated on its 
snr&ce, for the Liassic beds, where preserved, are not of great 
thickness, and show as a rule only the lower zone of Ammonites 
planorbis. 

Near Frome, however, in Vallis, Nunney, and other ravine?, we 
find an exceeding variable series of deposits resting on the Car- 
boniferous Limestone and older rocks. In some places th& 
Inferior Oolite rests directly on the Carboniferous Limestone ; in 
others we find intervening beds of Rhsetic age. Lower Lias and 
Middle Lias. 

The surface of the Carboniferous Limestone as pointed out by 
De la Beche,* and others, is in many places planed off in a 
remarkably even manner, so that horizontal beds of Dolomitic 
Conglomerate (Trias), Lias, and newer deposits, rest on an even 
surface of the highly incline 1 Carboniferous Limestone. The 
surface of these older s-rata is not uniforinlv level over extensive 
areas; it would appear r.itliui* that, in additioi to occasional islets, 
or other inequalities'; there were various platforms upon which 
divirions cf Lias and newer strata were accumulated in a more or 
less attenuated form. In some cases these deposits were removed 
before sncceedinjr aconmulations were la,id down : so that the 
platform or terrace may have been formed at an earlier stage than 
that of the deposits now resting on it. The varying positiona 
occupied by these Secondary strata on the flanks and higher 
grounds of the Mendips, are likewise in part due to marginal de- 
posits being laid down at different relative levels, and in part to 
subsequent faulting or irregular elevation. 

• Mem. Geol. Survey, vol. i. pp. 269, 287, &c. 
B 70859. O 
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Joints in the Carboniferous Limestone are infilled with various 
materials^ for the superincumbent strata have tumbled or been 
washed into fissures, and we sec the " broken beds " above, as in 
the case of Purbeck Beds where they overlie fissures in the 
Portland rocks. 

Veins of Liassic material in the Carboniferous Limestone, have 
been noticed by Moore in several localities on the Mendip 
Hills, in the Bristol area, and in South Wales. Some of the 
veins traverse the rock in a direction east and west, and they are 
intersected by others from north to south. The veins are 
from a few inches to 6 feet wide, and they are accompanied by 
Heavy Spar, Galena, and Blende. Tlie most remarkable dis- 
covery was made at the Charter House Lead Mine, south of 
Blagdon, where at a depth of 270 feet from the surface, a 
number of fossils were obtained, including Land-shells of the 
genera Valvata, Vertiffo, Proserpina, and Helix, and over 50 
species of Brachiopoda and Mollusca; as well as Foraminifera, 
Fish-remains, &c.* 

The age of many species is doubtful, for Moore subsequently 
obtained Planorhis mendipensis, Involutina liassicaf and other 
forms in the lead-mining districts of the North of England ; t 
while the abundant remains of Acrodus and Hybodus are 
suggestive of Rhaetic accumulations. It must be remembered 
that the remains of Microlestes, found in a fissure near Frome, 
occurred in association with in-tillings of Oolitic as well as 
Carboniferous age.J 

With regard to these veins, Moore was of opinion that " In 
general they are of Liassic age; but the mineralogical and 
j^alfeontological variety they present, show that they were not 
formed contemporaneously. Probably they were for a long time 
open to the Liassic seas, and must in many instances have received 
their contents very gradually ; a Liassic fauna not only inhabited 
the ocean above, but lived within the Carboniferous Limestone 
walls of the open fissures, and the remains of Gasteropoda and other 
organisms may still be seen attached thereto."l| It is possible, 
that there were open fissures on the sea-coast in Liassic times, as 
we see at the present day in the Carboniferous Limestone near 
Sutton in South Wales, but the admixture of fossilu suggests that 
in-fiUings may have taken place at various periods, in some cases 
perhaps subsequent to the Jurassic epoch. In some of their 
features, these Liassic veins resemble the chasms and * pipes ' in 
the Kentish Rag of Maidstone, where in-filUngs of fossiliferous 
brickearth occur.§ 



♦ Quart. Journ. Geol. Soc, vol. xxiii. pp. 454, 481-495 ; vol. xxxvii. pp. 67, Ac.; 
Bep. Brit. Assoc, for 1864, Sections, p. 59 ; Gcol. Mag., 1864, p. 235. 

f Bep. Brit. Asfoc. for 1869. p. 869. 

t Owen, Quart.. Joom. GeoL 8oe., yoI. xvi. p. 492. 

Ij Quart. Journ. Geol. Soc, toI. zxiii. pp. 455, 488. 

§ Sec Foster and Topley, Ibid,, vol. xxi. p. 454 ; and ToplejJGeol. Weald (G«ol. 
Swpvey), p. 179. 
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CHAPTER IV. 
LOWER LIAS— (contmued) 

Local Details. 
Glamorganshire and Monmouthshire, 

In Glirmorganshire the Lower Lias borders the southern side 
of the great coal-field of South Wales ; and to the west^ of 
Cardiff, the Old Red Sandstone, Lower Limestone Shales, and 
Carboniferous Limestone, have been denuded so as to form a 
plain that is comparatively level when compared with the bold 
hills of the Coal-region on the north. 

The Lias rests in places directly on these older rock?, and 
chiefly on the Carboniferous Limestone. In this district, as on 
the Mendip Hills, the Dolomitic Conglomerate had previously 
stretched in irregular masses over the Carboniferous Limestone, 
&c., so that the overlapping presents irregular modifications, the 
Lias resting here and there directly on the Dolomitic Conglomerate 
without the intervention of the Rhaetic Beds.''*^ 

The peculiar characters of the basement-beds of the Lower 
Lias, where they rest on the Carboniferous Limestone, at Southern- 
down and Dunraven near Bridgend, and at other localities in 
Qlamoiganshire, were pointed out many years ago by De la Beche ; 
he noticed that the limestones became more or less conglomeratic, 
and were associated with a whitish limestone known as Sutton 

Stone.t 

Since the recognition of the Rhaetic Beds in this country 
(1860-61), there has, however, been much discussion on the age 
of the •* Lias conglomerate " of South Wales, and on the question 
whether the Rhaetic Beds are or are not represented in it. 

In 1863 Mr. R. F. Tomes "claimed for the basement-beds a date corre- 
spondmg to the Rhsetic age/' on account of tbe presence of Plicatula 
intus$iri€tta ;% but this view proved to be based on an insecure foundation, 
for the species occurs sometimes abundantly in the Lower Lias. In 1866 
£. B. Tawney expressed his opinion that the whole of the Conglomerate 
series was Rbsetic in age ;§ he divided the beds as follows : — 

2. Sonthemdown Series (about 50 feet thick at Southemdown and about 

12 feet at Dunraven). 
1. Sutton Series (about 40 feet thick). 
The ordinaiy beds of Lower Lias, overlying the Southerndown Series, were 
grouped by him in the zone of Ammonites Bucklandi. 

TvmiejB conclusions were shortly afterwards contested by Charles Moore, || 
H. W. Bristow,ir and Prof. Ralph Tate,** who maintained that the beds were 

* See also De la Beche» Mem. Greol. Survey, vol. i. pp. 240, 252, 274. 

t'Men. GeoL ^rvey, vol. 1. pp. 269, &c. ; Ckol. Observer, Ed. 2, pp. 482« &c. 

t Proc. Cdttesw. Club, vol. iii. pp. 191, 202. 

I Quart Joom. Geol. See. vol. zxii. p. 69. 

ilbid.f vol. xziii. p. 611 ; and Proc. Bath Nat. Hist. Clab« 1865. 
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f Urid^ ToL zjdU. p. 199 ; see also pp. 202, 209. 
♦• Ibid., p. 807. 
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Lower Lias ; while Prof. P. M. Duncan* adopted a sort of compromise bj 
employinK the term Infra-Lias, which includes both White I^ias (Rhsetic Beds) 
ana the zones of A. planorbis and A, angulatus, 

Bristow, who roamtained that the beds belonged to the Lower Lias, disputed 
the sequence pointed out by Tawney, urging that there was but one series, by 
whatever name it may be called ; the Southern down Series being merely the 
easterly prolongation and the representative of the Sutton Stone, ana the 
total thickness being from 35 to 87 feet. He admitted, however, that as the 
Sutton Stone reposes on the upturned edges of the Carboniferous Limestone, 
and fills up irregularities and undulations in that rock, the thickness is some- 
what variable in difiPerent places. 

Subsequently Tawney abandoned his view on the Rhaetic age of the deposits, 
and for a time the question appeared to be settled. In 1884, however, 
Mr. Tomes expressed his conviction that the conglomerate-bed at Stormy 
Down near Bridgend ''is the true representative of the Sutton Stone of 
Sutton, and West of the 'Guinea' bed of Binton and Gnd^on in War- 
wickshire, and of the White Lias of that county and the West of 
England *' ;t a view taken also by Mr. W. C. Lucy,t who had accompanied 
Mr. Tomes on a visit to the South Wales district. At the same time 
Mr. Etheridge, who had previously considered that the Sutton Stone and 
white conglomerate might be of Rhaetic age, observed that their precise position 
was still an open question.§ 

No doubt some difficulty ia experienced, in making out the 
precise relations of the white Sutton Stone and conglomerate, to 
the ordinary Lower Lias of this area. This arises in part from 
the clifFfl being to a great extent inaccessible, while portions of the 
coast can only be visited for a short time when the tides are at 
their lowest ; and we have to scramble over ragged rocks. More- 
over the strata themselves are subject to variations, and are 
shifted in three or four places by faults, in situations where it is 
difficult to estimate the precise amount of the displacement By 
measuring the strata in detail at several points, I was enabled in 
time to make out the sequence, and to satisfy myself that while 
the white Sutton stone and conglomerate (with occasional bluish 
modifications) form the base of the series, both at Sutton and 
Dunraven, these beds pass up insensibly into the blue and grey 
conglomeratic (Southerndown) beds, which are overlaid by the 
ordinary beds of the Lower Lias. The sequenc-e, therefore, that 
was pointed out by Tawney is correct, although the Sutton Beds 
merge upwards into the Southerndown Series without any definite 
plane of demarcation. (See Fig. 46.) The total thickness of the 
conglomeratic series, where it could be definitely measured, varies 
from 50 to 80 feet, but it increases still more in its western 
development between Sutton and Southerndown. 

The whole of these beds may be regarded as the basement- 
beds of the Lower Lias, representing the Ostrea*beds and 
other portions of the zone of Ammonites planorbis, and including 
perhaps portions of the zone of A. angulatus. They are overlaid 
conformably by limestones and shales exhibiting the ordinary 
characters of Lower Lias, and belonging partly to the zone of 
A^ angulatus J but mainly to that of A. Bucklandu 

♦ Quart. Jonm. Geol. Soc., toI. xxii. p. 89 ; vol. xxiii. p. 15 ; yd. xlii. pp. 101, 
118, 189 ; and Supp. to Fossil Corals, Palsontogr. Soc. 

t Quart. Joum. Gcol. Soc., toI. zl. pp. 853, 859 ; see alio vol. zzzriii. p. 411. 

X Froc. Cottesw. Clab,Tol. viii. p. 214. 

§ Quart. Jonm. Geol. Soc., vol. xl. p. t76 ; lee alio Proo. Cardiff Kat 8oe.> 
TOL iii. pp. 80-6S. 
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The SuUon Stone has been extensively quarried near Sutton, 

more ^j^'^'tally between Sutton and Sealawn, on both sides of the 

rpad,itiul6gain on the slopes facing the Black Rocks near Pant-y- 

SIttde."The principal working in 1887, was immediately south of 

.•■•**'Tu5ker Cottage, and the section was as follows: — 
■' Ft. In. 

Hard grey and white shelly limestones, with 
occasional pehbles of Carboniferous Lime- 
stone, and near the base a band of tolerably 
compact blue limestone - - - 6 6 

Sutton Series. -^ Massive bed of white more or less tufuceous 

stone of variable character, with fibrous 
structure here and there, and much jointed 
and broken up in places. (Sutton Scone 
proper) - - - -70 or 80 

The more abundant fossils are Osirea multicostata^ PUcatula in- 
tusstriata, Pecten suttonensis (or Pollux), and Cardxnia suttonensis ; 
but these are not very common, and the shells are frequently dis- 
solved away leaving the rock in a cavernous condition. I also 
obtained Gryphcea, HinniteSy Lima hettangiensisy Ostrea arietis, 
Astroca*nia gibbosa, and lignite. 

Galena has been observed in several places in the Sutton Stone 
and overlying conglomeratic Beds. De la Beche observes that it 
occurs not only in ilie mass of the stone, but in joints of jet-like 
plants, and in cavities left by the dissolution of shells. He 
remarks also, that in some localities the stone is dolomitic : a 
specimen having been obtained at " Pare, two miles north-west of 
Bridgend."* 

Passing along the coast west of the Black Rocks near Sutton, 
we come upon the Sutton Beds, resting directly on the Car- 
boniferous Limestone ; and the general dip of the newer beds 
being in a south-easterly direction, the stone, which at Sutton 
rises to an elevation of 200 feet, gradually descends to 50 feet and 
less above sea-leveL 

On the coast here (west of Pant-y-SIade), the beds consist of 
white shelly conglomeratic and tufaceous stone, containing Ostrea^ 
Corals, &c. ; they are variable in character, being in places coarsely 
conglomeratic; they show honey-combed weathering, and they 
rest irregularly on the Carboniferous Limestone. The basement- 
bed is generally the more conglomeratic, containing often lar-je 
boulders of Carboniferous Limestone in a creamy limestone-matrix ; 
but beds Mfith no pebbles often lie in places directly on the 
older rock. The conglomeratic series contains curious sparry 
veins, sometimes tinged with a greenish colour. Corals derived 
from the Carboniferous Limestone, as well as fragments of chert 
and limestone also occur. 

The connection between the white Sutton Beds and overlying 
bluish-grey conglomeratic limestones of the Southerndown Series, 
may be traced in the ravine known as Pant-y-Slade, that descends 

♦ Mem. Geol. Survey, vol. i. pp. 272, 278 ; see also Bristow, Quart. Joum, 
Geol. See., vol. xziii. p. 199 ; And Catalogue of Kock Specimens in the Museum of 
Practical Geology, Ed. 8, p. 1«3. 
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to the coast from a point north-west of the farm-buildings of West. 
(See Fig. 45.) Forming the higher ground here, and exposed in 
three scarps at successively lower levels along the borders of the 
ravine, there may be seen a series of blue flaggy compact and 
crystalline limestones, more or less conglomeratic or brecciated, 
and containing angular fragments of Carboniferous Limestone 
and chert. Some of the beds indeed are not unlike Carboniferous 
Limestone in texture,* and intercalated with them are thin shaly 
beds. The sequence in these upper beds is not sufficiently clear 
for detailed measurements, and it is quite possible there may be 
some repetition by faults. It is, however, probable that we have 
here a thickness of 70 or 80 feet (if not more) of conglomeratic 
Lias above the Sutton Beds ; a view that coincides with the 
evidence obtained elsewhere along the coast, that the conglomeratic 
sjeries thickens towards the west, and this agrees with the 
observations of Charles Moore, f 

The lowest beds seen here in the coast-section, merge down- 
wards into the white Sutton-stone Series, as seen in the following 
section of the cliff east of the Pant-y-Slade ravine : — 

Ft. In. 
SoutherndowH /Bluish brecciated cherty limestones with 
Scries (base). \ veins of calc-spar - - -66 

Pale brecciated limestone with 6brous struc- 
ture - - - - -30 
Bluish-grey and pale brecciated limestones - 3 
Compact bluish limestone more or less con- 
glomeratic, passing into white tufaceous 
and shelly limestone, with fibrous struc- 
Q A^ Q . . * ture : Pecten suttonensis - - - 9 
outton &encs. < rj.^^^^ ^^^^ ^^ p^j^ tufaceous Hmestone with 

I fibrous structure, and with conglomeratic 

bands here and there - 10 to 12 

Massive beds of pale brecciated limestone, 
passing down into conglomerate of 
irregular thickness : Pecten, suttonensis, 
_ Ostrea multicostata, Corals - - 5 to 16 

Carboniferous Limestone. 

It may be questioned whether the top 6 feet of strata, here 
included with the Sutton Series., should he so grouped; the 
evidence obtained at Witches Point favours the view adopted, but 
the question is of no importance. We liave, however, near 
Sutton, a thickness of from 25 to 40 feet of strata that may be 
assigned to the Sutton Series, for their thickness increases east- 
wards in places according to the irregularities on the surface of 
the Carboniferous Limestone. There can be no question of the 
intimate connection between the Sutton and Southerntlown Series ; 
and the higher beds of blue conglomeratic limestone seen here, 
are similar to those seen above the white Sutton Beds on the 
southern side of Witches Point, where the thickness of the 
Southerndown Series is muCh reduced. 

The higher beds in the Pant-y-Slade ravine have not proved to 
be fossiliferons, so that we are not in a position to state whether 
the greater thickness of the conglomeratic beds is due solely to an 

* S«e alio D« la Beche, Mem. Geol. Surv., toI. i. p. 272. 

t Quart. Joum. Geol. See., toI. xxiii. pp. 526, 581 ; Tomes, Ibid., yoI. xl. p. 357. 
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expansion of the Southerdown Series, or (as seems probable) to 
the formation as we proceed westwards, of conglomeratic beds at 
higher stages in the Lower Lias. 

Passing eastwards along the coast, over the irregolar surface 
of the Carboniferous Limestone, we find the pale Sutton Beds 
banked up against the older rock (see Fig. 46), and at the base 
of the first cave they occupy a large hollow eroded in that rock, 
and descend to the beach-level. Here the Sutton Beds are 40 
feet or more in thickness, and it may be noted that the lowest 
bed of conglomerate is very coarse, and of a bluish colour, dmilar 
to the basement-bed on the further side of Witches Point. 

Beyond this first cave, the Carboniferous Limestone again 
rises, and we may readily follow the pale Sutton Beds, which 
appear in marked contrast with the dark bluish-grey Carboniferous 
rock beneath. Both groups have an easterly dip, and the strati- 
fication in places is fairly conformable, but further east the 
Carboniferous Limestone rolls over abruptly in the same direction, 
and the discordance between it and the overlying strata is great. 

The Sutton Beds appear now as massive strata assuming a 
brown aspect where weathered, and the lower layers are very 
irregular in thickness. We can fix no divisional line between 
them and the overlying Southerndown Beds, for the cliffs, which 
rise to a height of nearly 150 feet, are for the most part perpen- 
dicular. '1 he Sutton Beds however gradually descend to the sea- 
level by the large ^' Fairy Cave."* To the east of this, their pro- 
longation on the foreshore is terminated by a fault ; but they are 
again upraised, for a space, a little further on by another fault, 
being seen only in ledges on the foreshore. Thence they do 
not reappear until we come to the clifEs on either side of the 
Witches Point at Dun raven, as observed by Tawney and 
others. 

From the Fairy Cavern eastwarJs, we can again note the 
upward succession of the beds from the base of the Sutton Series 
into the lower portion of the Southerndown Beds, but the cli£Es 
above are inaccessible. Here we find on top of the Carboniferous 
Limestone, a thickness of 25 foet of pale conglomeratic limestones, 
alternating with pale h'mestones like the Sutton Stone. These, as 
at Sutton, are surmounted by grey and bluish -grey lioQestones 
(4 feet 6 inches thick), which form a connecting link with the 
conglomeratic limestones of the Southerndown Series above. In 
these the limestones become streaked with indurated shaly bands, 
which present a wavy appearance. Here the highest bed we can 
reach is about 50 feet above the Carboniferous Limestone ; it is 
a limestone with prominent fucoidal markings, but bands of this 
nature occur at various horizons in the Southerndown Series, and 
also in the ordinary beds of Lias above. 

Passing by the faulted tract to the east, where three great 
buttresses of rock with perpendicular faces are presented to 
view, we come to what may be termed the main section of Southern- 



* See Sections bj Tomes, Qnart Jonrn. Qeol. See., vol. zL p. 8S7 ; and I1110J9 
Free. Cotteswold Club., vol. Tiii. Section D., p. 254. 
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down, for the beds may be traced eastwards continuously, past 
Southemdown beach to the cliff by the fault west of Dunraven 
Castla That in this division of the cliffs the sequence is clear, 
may be proved by detailed measurements of the beds at either 
end of the beach ; and by observing the continuity of a thick and 
prominent band of limestones (with little shale), that occurs near 
the upper part of the Southemdown cliff and appears again on 
the Dunraven side of the little bay. (See Fig. 45.) 

In the entire section, about 180 feet of ordinary Lower Lias 
limestones and shales have been exposed, and of these beds about 
100 feet are shown in the Southemdown cliff. These beds rest 
on a series of hard and more massive beds of bluish conglomeratic 
limestone and shale (Southemdown Series) that form the base of 
the cliffs ; and, as the strata undulate, the sequence can be traced 
upwards from the lowest bed exposed on the foreshore at the 
western end of the bluff, and again further eastwards, where the 
ledges and platforms of rock stretch out seawards for some distance. 
Unfortunately in these exposure.^ we do not find evidence of the 
white Sutton Stone and conglomerate anywhere along the base 
of the cliffs or fDrcshore. Bristow's section was evidently taken 
from this portion of the cliffs, and consequently it did not show 
the Sutton Stone that underlies the Southemdown Beds. He 
notes the occurrence of an irregular layer of black chert, in 
addition to the derived fragments of this rock ; and Conybeare 
noted that specimens of GryphxEay coated with chalcedony, were to 
be found in the Lias of this area."^ In order to make clear the 
sequence we must carry our investigations further eastwards 
beyond the Witches Point. 

The section of the beds at Southemdown, traced westwards 
from the fault seen in the cliffs east of Southemdown beach, and 
near Dunraven Castle, is as follows : — 

Ft. In. 
'Limestones and shales (mostly inaccessible). 
Unicardium cardioides and Gryphaa 
arcuata in lower beds - - About lUO 

Thick and prominent mass of irregular lime- 
stones and marly clays 



Zone of 

Amnumites 

Bucklandi, 

4*0. 



- 10 

Alternate bands of earthy, compact, and 
shelly limestone, and dark shale : yielding 
Ammonites Bucklandi, Oryphaa arcuata, 
Ostrea, Unicardium^ lignite - - 65 

^Hard grey and conglomeratic limestones with 
thin shaly beds. Gasteropods abundant 
in different layers of limestone. Cerithium, 
Littorina, G. arcuata - - - 5 6 

Hard grey limestones, conglomeratic, and 
with obscure shaly layers. Ammonites, 
lignite - - - - - 4 3 

Hara blue and grey limestones, with occa- 
sional conglomeratic beds, cherty lime- 
stone, and indurated shale - - 24 3 

Hard blue limestone, with chert fragments ; 
Gasteropods - - • - 1 

Hard blue conglomeratic limestones, with 
indurated shaly bands. Seen to depth of 13 

* Conybeare and Phillips, Geol. £ng. and Wales, p. 2Cft ; tee also J. J. Conybeare, 
Ana. Phil.* 18SS, p. 386. 
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Tawney estimated the thickness of the Southerndown Series 
in this section at 50 feet ; so that our measurements well agree. 

In the south-eastern angle of the bay, on the western side of 
Witches Point, there is a fault and much disturbance of the 
strata. The Lower Lias limestones and clays on the north, are 
brought abruptly against the conglomeratic beds of Lias, the 

Sutton Stone and conglomerate, and the Carboniferous Limestone 
on the south : and the downthrow on the north must amount to 
about 100 feet. The beds on the northern side of Witches Point 
are for the most part inaccessible, but their general arrangement 
mjiy be studied from the shore. The White conglomerate is 
seen to rest irregularly, and with varying thickness, on (he 
Carboniferous Limestone, which here contains many nodules and 
lenticular bands of chert, and exhibits an undulating anticlinal 
structure. (See Figs. 45 and 46.) Beyond the Witches Point the 

Fig. 46. 

Section near the Witches Point, Dunraoen, Glamorganshire, 

(De la Beche.) 



d " 




c Southerndown Beds."! ^^^^^ lj 
6. Sutton Beds. J 

a. Carboniferous Limestone. 

beds are more accessible at low-tide, and here the Sutton Stone 
inosculates with the older rocks, having undercut it in places ; a 
feature also observable near Sutton. 

The main mass of white stone and conglomerate forming 
massive beds, here occurs at the base, as in the cliff at Pant-y- 
Slade ; it is from 20 to 25 feet thick, but above are nearly 20 feet 
of blue, bluish-grey, and pale-grey limestones that contain the 
same fossils and cannot be separated from the Sutton Series. 
Higher still, we can just trace the more decidedly bluish-limestones, 
more or less conglomeratic (Southerndown Series), that underlie 
the ordinary beds of Lower Lias. 

Along this part of the coast the sequence is interfered with 
by an occasional dislocation of the beds. On the eastern side 
of Witches Point there is a cavern, excavated in the white 
Sutton Beds which rest on the Carboniferous Limestone. The 
basement Sutton conglomerate contains fragments of chert, and 
pebbles or boulders of Carboniferous Limestone. It is here 
9 feet thick, and is overlaid by about 18 feet of pale limestones 
more or less brecciated. We are unable to trace the sequence 
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continuously from this pointy as a little further north there is 
a small fault or joggle, the precise throw of which it is difBcult 
to determine, but it appears not to exceed about 4 feet on the 
further side towards Dunraven. It suflSces however to carry the 
Carboniferous Limestone out of sight. 

From this point we are enabled again to trace the beds upwards 
from the Sutton Beds to the ordinary Lower Lias ; for although 
there is another fault that traverses the cliffs in an oblique 
direction, with a downthrow of about 8 or 9 feet on the west or 
south-west, yet we are at no loss in comparing the beds on either 
side of this displacement. The beds adjoining the fault present 
a massive and wall-like appearance, and some of the higher 
layers of the Southerndown Series present, where weathered, 
a curiously ragged, cavernous, and crinkly appearance, standing 
out in marked contrast from the softer earthy limestones and 
marls of the Lower Lias above them. (See Fig. 45, p. 101.) 

Section of the Cliffs from below the Fluff Staff , Dunraven, to the 

cavern near the Witches Point, 



L 



Southerndown 
Series. 



fHard 



Satton Series. •< 



6 9 



4 



Hard limestones, much jointed, and dark 

bluish-grey and blue-black shales, with 

GryphtBa arcuata, Pholadomya ambigua, P. 

glaora. 

Zone of Ammonites J Irregular and nodular pale earthy limestones, 

Buchlandi, &c. ) dark shales and marls, with Ammonites 

angulatus. Gasteropoda, Gryphaa arcuata, 
Lima gigantea, Unicardium cardioides. 
(Here and there we find bands crowded 
with G. arcuata.) 

Hard and somewhat irregular bluish-grey 
limestones, with sparry veins, shaly beds, 
fucoidal markings, and occasional frag- 
ments of Carboniferous Limestone. Lima 
gigantea, L. tuber culata^ Ostrea 

Hard and irregular grey limestones with little 
or no shale, with sparry veins, and occa- 
sional fragments of Carboniferons Lime- 
stone - - - - - 

Compact grey hmestones, with shaly layers : 
conglomeratic in places. Ostrea liassica, 0. 
multicostata,Lima giganten, spines of Eichini, 
lignite - - - - - 

compact pale-grey and bluish-grey 
limestones passing in places into a bed like 
Sutton Stone. Pecten suttonensiSf Ostrea 
multicostata - - . . 

Hard bluish-grey and compact limestones, 
conglomeratic and brecciated: massive 
beds. Pecten suttonensis - - - 

Compact bluish-grey limestones, wedge- 
bedded in places - - - . 

Compact blue limestones, brecciated in places; 
passing down into pale-grey brecciated 
irmestone, like Sution Stone. Shelly in 
places - - - - - 

Buff, pale grey, and bluish-grey limestones, 
l^ passing down into white conglomerate About 15 



4 



6 



7 6 



5 
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It will be noted that beneath the ordinary limestones of the 
Lower lias, we come to^ first, a series of hard and more or less 
conglomeratic limestones that yield Lima giganteUy L. tuherculata, 
and other fossik. These are from 12 to 14 feet thick. They rest 
on a series of bluish-grey and pale grey limestones, more massive in 
appearance, that pass dov^n gradually into the white conglomerate. 
El the upper part of this lower series, which is mainly bluish in 
colour, we may note the horizontal change of a compact blue lime- 
stone into pale-grey stone of the character of Sutton Stone, 
showing that the test of colour is one not to be entirely depended 
upon. This moreover is shown by the fact that the lowest bed of 
conglomerate, beneath the white Sutton Stone and conglomerate, is 
here and there decidedly blue. Moreover, some of the compact 
blue limestones yielding Pecten suttonensis, present characters 
resembling the highest beds noted in the section at Pant-y-Slade, 
beds wldch there and elsewhere along the coast, form a sort of 
passage from the white Sutton Stone upwards into the blue con- 
glomeratic Southerndown Beds. 

It is clear that wherever the base of the conglomeratic series is 
exposed, we find the white Sutton Stone and conglomerate (of 
varying thickness) resting on the Carboniferous Limestone. 
No attempt is made to correlate particular beds in the Southern- 
down Series of Dunraven with those under Southerndown, because 
of the blending of these divisions, and the absence of any 
definitely marked lithological or palseontological horizons. 

Undoubtedly the pale creamy and white colour of the Sutton 
Stone and conglomerate, has led to the supposition that the beds 
represent the White Lias. In texture however the Sutton Stone 
differs very much from that rock. It should moreover be noted, 
that at Penarth the White Lias is represented mainly by grey 
shaly marls, 12 feet or more in thickness, and does not e^iibit a 
mass of compact white limestones such as we find in Somersetshire. 
Again at the Stormy Cement Works, between Bridgend and Pyle, 
the White Lias is but feebly developed, and its probable represen- 
tative is overlaid by a thin bed of conglomerate that occurs at the 
base of the Lower Lias. In other localities in this district, as 
observed by Bristow, the Khsetic Beds are exhibited in close 
proximity to the conglomeratic Lias. Bearing in mind the fact 
that in places the Rha^tic Beds merge almost imperceptibly into 
the Lower Lias, it would perhaps be wrong to state dogmatically 
that no portions of the White Lias are represented in the con- 
glomeratic Lias of South Wales ; but we have no evidence that 
this is the case. No specimens of Cardium rhcBticuniy or Lima 
prcBcursor have been obtained, but the fossils that do occur include 
species elsewhere obtained from the basement- beds of the Lower 
Lias. 

Modifications of the Lower Lias have been noticed elsewhere 
on Broadfield Down and near Shepton Mallet, where the strata 
rest in similar situations on the Carboniferous Limestone. The 
beds and the fossils found near Shepton Mallet are so like those 
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of the Sutton Stone that they could not be distingaished.* Tliis 
is remarkable^ as there is no evidence of any original continuity 
over the intervening area between beds of this character. The 
identity is due to the similar origin of the strata^ both being 
largely due to the direct destruction of the Carboniferous Lime* 
stonCy thus originating as shore-deposits of calcareous mad with 
which angular detritus was occasionally mixed. In other cases 
where the Lower Lias rests directly on the Carboniferous Lime- 
stone, and at the same time presents its ordinary characters^ we 
may infer that the beds were probably laid down on submarine 
shelves or platforms of the older rock. 

The appearance of the beds in the cliffs of Sutton and 
Southemdown, changes much, according as the layers come within 
the influence of the 8en,t also where they are much weathered 
or present joints or fault-faces. Where the Southemdown Beds 
have been long exposed in the cliffs, they present often a wavy or 
crinkly appearance which is not exhibited on freshly cut faces ; 
the fact being that softer shaly or marly partings are eroded, and 
the irregularities of the limestone bands are made more manifest. 
The Southerndo\vn Beds are more divided in some places than in 
others by partings of shale. The surfaces of beds just uncovered 
by the sea, present a smooth appearance, and are blue or bluish- 
grey in colour, while further on, the platforms, long exposed to the 
action of the sea, have become brown, rough, and honeycombed. 
Many beds above and below the chief Grj'phaea-bed under 
Southemdown are '^ fucoidal " at the base, and also here and there 
on the surface. There is no definite horizon of Gryphaeas, nor of 
Fucoidal beds, nor even of Gasteropods. 

Concerning the organic remains, fossils as a rule are not 
abimdant, and those that are present in the conglomeratic beds of 
Lias, are difficult to extract, owing to the hardened nature of the 
rocks. In the lower portions of the Sutton Stone and con- 
glomerate, and especially in the conglomerate exposed, above the 
Carboniferous Limestone, on the coast near the Black Rocks and 
Pant-y- Slade, Corals are not uncommon. Some are identical 
with forms found in the Alpine Trias. The most abundant 
species is JElysastrcBa Fischeri, which, according to Mr. Tomes, 
appears " in some places in great masses, the corallites of which, 
either more or less closely packed, or in disjointed branches, 
penetrate the stone through and through."{ Many other species 
of Corals have been obtained, and although in Mr. Tomes's 
opinion many of them *^ must be assimied to a period antecedent 
to that at which those beds were iormed,"§ yet the lithological 
characters of the rocks, and the absence of clayey sediments, 
suggest that conditions favourable for coral-growth may hav^ 

* See also Moore, Trans. Cardiff Nat. Soc., vol. yiii. 1877, p. 56. 

t That the iDdaration of the beds is sot to anj extent due to the action of se»- 
water, may be judged from the ^t that where the ordinary beds of t^ lias pass 
down to the sea-leyel, thej do not exhibit any marked differences. 

t Quart. Joam. Qeol. Soc, toI. xl. p. 368. 

I lbid.f p. 954, and remarks by Prof. Bonney, p. 375. 
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existed at the time. It is therefore possible that the peculiar 
diaracter of the Sutton Stone may have been due in part to the 
waste of coral-beds : the calcareous mud being mixed with the 
d^ris of corals. Higher up in the series^ where clay-beds come in, 
we lose the coral-fauna. The Southemdown Beds on the coast 
contain but few corals, and the two species recorded, are the same 
as species found in the Sutton Bede.'^ 

The development of coral-life seems to have been local, so that 
we cannot attempt definite correlations, based on the occurrence 
of the many species^ with beds in other parts of this country, for 
nowhere else in the basement^beds of the Lower Lias have these 
organic remains been found in such abundance. Only one species 
{Thecosmilia rugosa) has been recorded from both White Lias 
and Sutton Stone. 

The evidence of the Ammonites is important. Moore indeed 
included A. angulatus in his list of Sutton Stone fossils, but in 
his section of the strata he notes the occurrence of this species on 
top of this stone — at least 1 8 feet 3 inches from its base ;t 
and it is necessary to bear in mind the varying thickness of the 
beds where they rest in the hollows of the Carboniferous Lime- 
stone. Of the two species recorded from the Sutton Series by 
Tawney, the one named A, suttonensis (a form which, according 
to Prof. Tate J, is allied to A. Johnstoni) was found about 20 feet 
above the base of the series, both at Dunraven and at tlie Sutton 
quarries; while the fragment named ^. dunravenensis was found 
about 30 feet above the base of the Sutton Series at Dunraven. We 
have therefore no actual record of the discovery of an Ammonite in 
the main mass of the Sutton Stone itself. In many places, however. 
Ammonites planorbis, which characterizes the lowest zone of the 
Lias, is not found in the bottom-beds ; and these have in places 
been separated under the name of Ostrea Beds, being conspicuous 
for the prevalence of Ostrea liassica. 

The above-mentioned Ammonites, however, evidently occur in 
the beds which shade off from the white Sutton Stone and 
conglomerate into the bluish grey Southemdown series, and thus 
confirm the view that the Sutton and Southemdown Beds 
constitute one palseontological series. 

The bed with Gasteropoda, that occurs at the base of the 
ordinary beds of Lias at Dunraven, may correspond with that 
marked as the top of the Southemdown Beds under Southern - 
down. There are, however, at least three distinct bands of lime- 
stone in the Southemdown Series that yield Gasteropods. The 
more prominent bed, about 1 foot thick, occurs about 18 inches 
below the highest conglomeratic bed (top of Southemdown 
Series) under Southemdown. It is a greyish limestone containing 
conglomeratic seams, and is well seen in ledges on the foreshore, 
becomi^ darker and rougher in appearance away from the 
diiflb. it has been planed off at somewhat different levels and 

* See Danean, Quart. Joarn. Gkol. Soc, vol. xxii. p. 15. 

t Quart. Jonrn. Gkol. Soc, toI. xxiii. pp. 526, 530 ; see also notes by Sir W. V. 
Qmn^ Proe. CoCteiw. Clnb, toI. vr. p. 109 ; and /6tW., p. S4. 
X Quart. Jouzn. Oeol. Soc., vol. xxiii. p. 809. 
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inclinations. Tawney noted a bed with a great number of large 
specimens of Chemnitzia^ about 16 feet from the top of the beds 
which he grouped with the Southerndown Series : his descriptioQ 
well applies to the bed above noted, and as he remarks^ it is not 

J)0S8ible to extract specimens, owing to the toughness of the 
imestone.* 

Pecten suttonensis of Tawney, which is one of the most abundant 
fossils in the Sutton Stone, was regarded by Moore as the Pecten 
Pollux of d'Orbigny, while Tate considered it to be the same as 
P. valoniensis, Defrance. It is a somewhat variable form. It occurs 
in the beds at Shepton Mallet and also iu the peculiar cherty 
modifications of the Lower Lias at Harptree Hill. At the last- 
named locality this species occurs together with Ostrea mvlii" 
costata and Cardinia suttonensis^ two of the most abundant Sutton 
Stone fossils, and in the same beds at Harptree there occur 
Ammonites planorbis and A, Johnstoni (torus), furnishing strong 
corroborative evidence that the Sutton Stone should be included 
in the zone of Ammonites planorbis.^ A. Johnstoni has lately 
been found in beds like the Sutton Stone, at Shepton Mallet. 
(See p. 88.) 

From the published lists of fossils it is difficult to decide what 
were the precise horizons of all the species. Thus Tawney has 
given lists from the Sutton and Southerndown Series at various 
localities ; Prof. Tate has given a list of fossils from the Sutton 
Stone, with a revision of Tawney's species; and Moore has 
done likewise, although his revisions differ in several respects 
from those of Prof. Tate. Moore has also given lists from the 
conglomeratic Lias above the Sutton Stone at Southerndown, and 
lists from Brocastle, &c. J So much difEerence of opinion exists 
on the identification of some species, that it is best only to give 
those about which no doubt has been expressed. 

The following fossils have been recorded from the Sutton 
Stone : — 



J Ammonites (see p. 111). 


§ Pecten suttonensis. 


Neritopsis ezigua. 


§Plicatula intusstriata. 


Patella. 


§Astrocoenia (Stylastra3a) gib- 


§Pleurotomaria, 


bosa. 


Trochus. 


reptans. 


§ Cardinia suttonensis. 


Cyatbocoenia incrustAns. 
§Elysastraea Fiscberi. 


§Giypheea. 


iHinnites. 


Montlivaltia. 


§Lima hettangiensis. 


Rbabdophyllia recondita. 


§ tuberculata. 


Tbecosmilia mirabilis. 


Ostrea irregularis. 


rugosa. 


§— multicostata. 


'■ suttonensis. 



♦ Quart. Journ. Geo!. Soc, vol. xxii. pp. 75, 76. 

t Gcol. East Somerset (Geol. Survey), p. 108. See also Moore, Quart. Joom. 
Geol. Soc, vol. xxiii. p. 492. W. W. Stoddart noted the occurrence of Sutton 
Stone fossils in the Zone of Ammonites planorbis of the neighbourhood of Bristol^ 
but unfortunately he included the White Lias in that zone. Quart. Journ. Geol., 
Soc, ¥01. xxiv. p. 203. 

X Tawney, Ibid,, vol. xxii. p. 79 ; Tate, IbiJ., vol. xxiii. p. 309 ; Moore, Ibid., 
pp. 530, &c 

§ Specimens so marked have been obtained by myself, and identified by Messrs. 
Sharman and Newton. 
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^ The following species have been recorded from the Southern- 
down Series : — 



Ammonites angulatus. 
Belemnites acutus. 
Cerithium nodulosum. 
Littorina (?) clathrata. 
Cardinia. 
Grjphsa arcoata. 
Linia daplicata. 



Lima gigantea. 

tuberculata. 

Ostrea liassica. 

multicostata (arietis). 

Pecten suttonensis. 
Plicatula intusstriata. 
Echini spines. 



At Brocastle again, there is a rich Coral fauna, containing in 
fact more species than have been found in the Sutton Stone, 
although a certain number are common to the two deposits. 
From this locality Moore obtained a very rich collection of 
fossils, but, as he remark?, most of these proved to be newj 
and therefore thej afford but little evidence for correlating the 
beds with other zones in this country. However, the presence 
of GryphcBa arciiata^ Lima gigantea, Ostrea liassica, together with 
several species of Cardinia^ recorded by Moore, suggest an early 
stage of the Lower Lias^ and agree generally with his grouping 
of the beds in the zone of Ammonites angulatus, a position also 
asfflgned to them on the evidence of the Corals.* Mr. Tomes has 
expressed the opinion that the Brocastle bed has been to some 
extent re-assorted, and this is not improbable :t undoubted evidence 
of the reconstruction of beds is met with in the Lower Lias of the 
Badstock district. Among the Corals (whicli have been worked 
out mainly by Prof. Duncan) are species of Astroccenia (Styla- 
stnsa), Isastraa, Montlivaltia, Thecosmilia, &c. 

The old quarry of Brocastle, from which Moore obtained his 
Liassic fossils and to which reference has been made by several 
geologists^ is situated on the road from Corntown to Cowbridge, 
east of the buildings known as Longland, on the north side of the 
road, and a short distance (about | of a mile) west of Brocastle. | 
The quarry is practically disused, and the conglomeratic beds of 
Lias are mostly obscured. It is however possible to trace these 
beds abutting irregularly against the Carboniferous Limestone, as 
represented by Moore. The older rock is a dark blue crystaliinet 
and compact limestone, containing Spirifers and Encrinites. The 
Lias beds comprise greyish-brown granular limestones, and con- 

?lomeratic layers having a matrix of pale and compact limestone. 
!herty masses here and there occur in the weathered soil on top 
of the Carboniferous Limestone. 

West of Longland, about 8 feet of coarse pale grey granular 
and brecciated limestones have been opened up by the roadside, 
and at the lime-kiln to the south, beds of conglomeratic Lias abut 
agMUst the Carboniferous Limestone. The Lias near Oowbridge 
was said by Buckland to be oolitic,§ but I have not obtained any 



* Moore, Quart. Joam. Geol. See, vol. xziii. p. 521; Doncan, Ibid,, p. 17. See 
ftliK) Her. H. H. Winwood, Proc. Bath Nat. Hist. Club, vol. vi. p. 218. 
t Quart. Joum. Geo). Sec, toI. xl. p. 357. 
i Moore, Quart. Joum. Geol. Soc, vol. xxiii. p. 521. 
§ Mnrchison, Trans. Geol. Soc., Ser. 2, vol. ii. p. 362. 

E 70S59. H 
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specimens showing this structure ; he evidently referred to iron- 
*not beds, such as occur in Somersetshire nenr the Mendip HiUs. 
(See p. 127.) 

Near Langan, the conglomeratic beds of Lias spread over a 
large area and are based upon the sands and shales of the Shsetic 
Series, as pointed out by Bristow.* According to Moore a sinking 
at Langan Lead-mine proved the following beds : — | 

Ft. In. 

Dense limestones with thin intervening beds of marl,^ 

regularly bedded but finely conglomeratic - " L 150 

Sutton Stone - - - - - - j 

Unstratified conglomerates [P base of Sutton Series] -J 

This great thickness of strata may be compared with that in the 
ravine of Pant-y -Slade, previously mentioned (p. 100). 

At St. Marj Hill Common, on the south side, west ^ of 
Tyrm\Tinyd, the Sutton Stone has been worked. According to 
Bristow the beds are slightly conglomeratic, containing frag- 
ments of black chert, small pebbles of white quartz, and specks of 
galena. The following species were obtained :— 



Canlinia suttonensis. 

Lima. 

^iodiola. 



Ostrea liassica. 

Pinna. 

Pecten suttonensii. 



Lower Lias. 

Zone of 
Ammonites 
planorhis. 



Rhsetic 
B3ds. 



Tlic following section was exhibited at the Cemeiit*work8'Hni 
Stormy Down: — 

Ft. Ik. 

'Brown clay. ; . . 

Hard compact blue limestones and shales, with 

Unicardium, /fee. - - - - .36'**' 

Even beds of shaly limestone and shales - - 2 

^ Dark blue shaly limestones, with near base, beds of 
blue limestone and shale containing Oitrea liassiea 
and Modiola minima - - - about 18 

Conglomeratic Bed : pale grey and bluish brecciated 
and shelly limestone - • - about 10 '• - 

(Limestone-shales - • - • -08 

Hard compact limestone (like Sun bed) • - 10 

Shaly parting. 
I Hard coRipact and rather shaly limestone - - 8' 

"^ Black shales with thin bands of limestone, Pecten 

valoniensis - - . - - - 1 • 

Grey and greenish marls with hard nodules (formerly 
used for cement) seen to depth of - - 3 6 

BriBtow, who regarded the conglomerate as the attenuated 
repr3sentative of the Sutton Series, noted its thickness as 2 feety 
and described the bed as a ^^hard, siliceous, and shelly blue 
conglomerate."! Mr. Tomes describes the bed as from 2 to 3 
feet thick, and as in all respects like the '' Guinea-bed " of Binton 
in Warwickshire, a bed which he regards as the equivalent Gf the 
White Lias.§ It may be remarked, however, that a conglomeralio 

* (^uart. Joam. Geol. Soc, vol. xxiii. p. S04. 

t Jbid., p. 533 ; Tavney, Ibid., vol. xxii. p. 74. See also Tomes, Ibid., vol. xl. 
p. 861. 

X Ibid.f vol. xxiii. p. 204. 

§ Ibid., vol. xl. pp. 358, 359 ; see also Lucy, Proc. CottMwold Clab, Tol. viii. p. 256. 
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band, BUggesting a local change in conditions, should be grouped 
rather with the overlying than with the underlying beds, and hence 
we need not hesitnte to place it and the Sutton Stone also in the 
LiOwerLias. Moreover the ** Guinea-bed*' (as mentioned p. 151). 
appears to be a remani^ bed, containing Lower Lias as well as 
Sfasetic fossils, and therefore of the age of the later remains. 

From the Lower Lias here, I obtained Ostrea irregularis, and 
poor specimens, identified somewhat doubtfully with Ammonites 
Johnstoni and Pholadt)mya glabra. Moore recorded Am. plan- 
arbis, Lima gigantea, L, tubercvlata^ Ostrea multicostata (arietis), 
and Peeten Pollux (suttonensis).^ These fossils compare well with 
the beds at Sutton and Southerndown. 

Blue Lins Lime (for building-purposes, &c.) is now made from 
the shaly limestones of the Lower Lias ; and Carboniferous Lime- 
stone is brought for the preparation of ** white lime " (for 
agricultural purposes). 

The ordinary beds of Lower Lias above the Southerndown 
Series at Dunraven, have yielded the following species : — 

f Ammonites angulatus. I Lima duplicata. 

t Bucklandl. I eigantea. ^ 

+— ConybeareL Hermanni. 

•f*.... laqueolus P t Ostrea multicostata (arietis) . 

— — semioostatus. fPholadomjra ambigua. 

Belemnites acutus. t— ^glabra. 

Ceritbiom. f Unicfudium cardioides. 

*franiteUa (cast). RhTnchonella calcicosta. 

f Giyphiea arcuata. Pentacrinus tuberculatus. 

From Dunraven onwards to Aberthaw, the coast is bounded by 
difis exhibiting the blue and brown argillaceous limestones, 
fllhaled, and marls thnt overlie the conglomeratic Lins of Southern- 
down. On the east side of the Dunraven headland, the con- 
glomeratic beds dip away beneath the beach, being repeated for 
a short distance by the oblique fault (before mentioned, p, 107), 
and by another fault a little further on : beyond which they are 
not again seen along the coast-sections. 

~ These cliffs exhibit, perhaps, the finest exposure of the Lower 
Lias Limestones in this country. We have not the complete 
sequence of Lias visible at Lyme Begiu; but here in South 
Wales the zones of Ammonites angulatus and A. Bucklandi 
(taken together) are much more fully and continuously exposed* 
It is true' that 14 miles of cliffs, showing the same set of beds, 
^located here and there by faults, seem a little monotonous ; and 
as fossils are neither veiy varied nor very abundant, we cannot 
wonder that the cliffs for the greater part of the distance are but 
little visited by the geologist. The beds must attain a thickness of 
quite 200 feet, and for great part of the way the limestones stand 
out also in ledges and platforms along the foreshore, so that our 
progress along these natural pavements is a very happy one, 



^ Qnart. Jonrn. Geol. Soc., vol. xziii. p. 520. 

t &^>ecie8 obtained bj myself *and identified by Measn . Sbarman and Newton : 
some of these and otber species are recorded by Moore. 

H 2 
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excepting where it Is diversifiod by faults that modify the strike 
of the ledges, or by heaps of boulder- shingle that lie here and 
there on the surfaces of the platforms. 

The following general sequence is shown : the upper beds being 
more jointed and open, springs are thrown out at their junction 
with the bluer beds : — 

fYellowish argillaceous limestones; about 55 bands^ on the 

J f 1 whole thicker than the beds below and with less clay — the 

. ot J limestones here and there exhibiting rhomboidal Jointing.^ 

b"^Im^' I Bl«iis^-fffey limestones ; about 80 comparatively thin and on 

jjuckumat, \ ^^^ whole irregular bands, alternating with thin days, shales, 

L ®r marls. 
Southemdown Series, &c. 

The lower division attains a thickness of about 80 feet esti- 
mated from the top of the conglomeratic series ; and in the first 
cliff beyond the angle formed by the Dunraven headland^ the 
lower beds are shown to a height of about 70 feet, and the upper 
occupy about 50 feet above. The cliffs between the gullies of 
Cwm-mawr and Cwm-bach, rise to a height of 200 feet, «o that 
the limestone-series here exceeds that thickness, though not 
perhaps to any great extent. We do not however notice any 
beds in the clifis as far as Aberthaw, that indicate any other 
divisions of the Lower Lias, and judging by the fossib, the beds 
belong to the zones of Ammonites anffulatus, A, Bucklandi, and 
A. semicostatus, and mainly to that of A. BucklandL 

On the whole the beds are tolerably flat, but with a general 
inclination (interrupted by a gentle anticlinal) towards Nash 
Point. Approaching this pointy a thick mass of limestones appeaia 
on the top of the yellow beds in the cliffs, forming a conspicuous 
band as at Southerndown, and this caps the buttress of Nash 
Point. Here, then, the cliff is formed of a thick mass of lime- 
stones, resting on tolerably thick beds of limestone, bluish and 
yellowish, and these again on bluish limestones^ on the whole 
even-bedded with here and there crinkly layers and thin partings 
of shale. The limestones form thick ledges and pavements of 
rock, varying in direction with the inclination of the beds, and 
the changes produced here and there by faults. GrifphcRa 
arcuata^ Lima gigantea^ and OstreOy occur, often in clusters, 
together with Pentacrinus^ small Ammonites and occasionally 
lignite. (See p. 43.) Pholadomya appears not uncommon in the 
higher jointed beds, fallen masses of which lie on the beach. 

The cliffs below the Nash lighthouses, show the thick mass of 
limestones towards the upper portion of the cliffs, and this is let 
down to lower levels here and there by faults which thus counteract 
the influence of the dip. In one instance, not far from Dunraven,. 
a small faulty which displaced the upper beds 2 or 3 feet, was lost 
towards the base of the cliff, the layers of limestone being just 

* These beds are very similiir in charaeter to the Black Limestone locaUj known 
as '* Aberdo Limestone/' in the upper part of tho Carboniferous Limestone of 
Flintshire. A. Strahan, Geol. Bhyl (Mem. Geol. Sunr., Sheet 79, N.W.)> pp- 15, 16. 




IX>WEB LIA8 : ABEETHAW. 117 

separated, ihea simply bent, and fiaally no appearance of dis- 
tBrbance wM virible. (See Fig 48.) I have seen simikr faults 
in the Purbeck Beda near Swanage, They appear to be due to 
iiTeffalar compreBaion of the beds, aad not to the effects of 
landslips. 

FiQ. 48. 
Section of Lower Lieu, east of Dunraven Castle^ Glamorgan- 
shire. 

Immediately east and went cf 
St. Donat's Point, the beda are 
.somewhat faulted and tumbled. 
There ia however no great 
displacement, and the ledges 
display Grypheea arcuata, Lima 
gigantea, Ammonitei Bucklandi, 
and lignite. From the higher 
beds I obtained Am. Cojiybearei. 
There is a conaidemble accu- 
mulation of coarse boulder- 
shingle here, and large blocks 
are taken away for building- 
purposes, and occasionally to be 
N burnt for lime. Some of the 

beda exhibit fucoidal markings. 
1^ The beda south of Llantwit-Mujor are much jointed; in fact 
the beds shnmng rhomboidal jointing come down to the beach, 
and the blocks are worked off by the sea in huge masaea. These 
are readily broken up and rounded, so that the ledgea of rock are 
in many places irregularly covered by accumulationa of boulder- 
ahinele. From Llantwit to Stout Point the beds are tolerably 
lerel and anhroken — the highest part of the clifTs being 148 feet. 
There is a slight seaward dip, and thia continues towards Sum- 
neifaouse Point, and has produced cliffs that overhang in places. 
A short distance east of the Camp, the cliff ends, the last beds 
seen here being 8 or 10 feet of jointed limestones and clays. 

From a short distance east of Summerhouic Point to the east 
of the Birer Daw, at Bast A berthaw, there are no cliffa, the coast 
being bordered by Alluvial flats, hillocka of Blown Sand and a 
high beach of boulder-shingle. It ia thia shingle, composed of 
roUed limestone derived from the cliffs further west, that has 
furnished and still furnishea the celebrated Aberthaw lime. All 
the ''lime" shipped, goes sway in the form of pebbles (3 or 4 
inches in diameter), and those are reckoned the best that are 
taken between high- and low-water mark, where washed by the 
sea. The trade has of late years considerably declined, in fact, 
nnee the introduction of railwaya, the lime from placea inland 
has come more and mora into use : but I was informed that 50 
or 60 years ago (1827-1837) there were sometimes twenty vessels 
in the " Port," that had come to take away the stone for lime. 
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It is curious that the stones gathered from the higher part of 
the beach where they are sun-dried, are said to be not so good for 
hydraulic lime ; but they are burnt for local purposes at the Litne-^ 
kiln near Ocean House, West Aberihaw, where '* lump lime '*" 
and " ground lime " are prepared. 

East of the River Daw, by Pleasant harbour, the platforms of 
rock contain Gryphcea arcuata, and Lima gigantea. The cliffs 
for some distance show hard blue limestones in tolerably thick 
beds, dipping gently eastwards, and yielding the same fossils 
together with Ammonites. 

At Bridgend the limestones of the Lower Lias have been 
extensively quarried for building-stone and for Blue Lias lime, 
which has been put on the market under the name of ** Aberthaw 
lime." The railway-cutting also shows fine sections of the beds, 
and these were described in detail by Chsu'Ies Moore, who recorded 
an alternation of 476 beds of limestone and marl. The lower 
portion of the series is worked in the quarry, but we do not see 
the base of the Lias ; blue earthy limestones were the lowest beds 
to be seen, and they are overlaid by compact and earthy bluish* 
grey and yellowish limestones. Altogether upwards of 76 beds 
of limestone were exposed in the quarry, for the most part in 
thick beds with comparatively little clay. The fossils which I 
obtained, included Gryphcea arcuata (and broad varieties), Ostrea 
irregularis^ Lima gigantea (large specimens), Pholadomya ambigua, 
Homomya, Unicardium cardiaides, and Pleurotomaria. By the 
entrance to the quarry from the railway, the Lias contains len- 
ticular nodules of chert or siliceous limestone, in which Dr. Hinde 
(to whom I sent specimens) found rod-like sponge-^spicules. 
Ammonites Bucklandi occurred here, and I obtained also a laige 
specimen of Cerithium nodulosum at the base of the railway* 
Cutting.* 

Moore published a list of the fossils obtained by him, including 
Ammonites angulatus, A, Conybeareiy and (in the higher beds^ 
A. semicostatus and A. sauzea7ius,f He also noted a number of 
Gasteropoda. The beds correspond with those seen in the clifis 
between Dunraven and Aberthaw, and, like them, include portions 
of the zone of A, angulatus, the zono of A, Bucklandi, and that 
of A. semicostatus. 

Turning to the borders of the Bristol Channel and the Seyemy 
we find several tracts of Lias. These show that the main 
portion of the estuary must have been originally excavated thtoogh 
the Lower Lias, the now isolated tracts of which may, in oom-^ 
paratively recent geological times, have been connected with the 
main mass of Lias at Oloucester, and virith the portions preserved 
at Aberthaw on the north and at Watchet on the south of the 
Bristol Channel. In these areas we have seldom preserved' any 
beds newer than the zone of Ammonites semicostcUus, exoepting 
in such a locality as Brent Knoll. 

* The fossils were named by Messrs. Shannan and Newton. 
t Quart Jeum. Geol. Soe., toI. zxii., pp. 518-517. 
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At Penarth there is some difficulty in fixiDg the precise 
boundaiy between the Lower Lias strata and the Bhaetic Beds, 
but where Nature has made no marked line of demarcation, it is 
perhaps needless for us to be concerned about the matter. The 
Grey Marls that occur above the Black Shales represent the 
White Lias of other localities, and, in fact, we find some layers of 
White Lias in this division at Penarth, together with a band that 
reminds us of the Gotham Stone. The fossils include species of 
Ostrea, Modiola, Pleurophurus^ &c., for the most part poorly 
preserved, as the fossils usually are in this portion of the Khsetic 
Series. On top of these marls there is a bed of dark-grey and 
brown paper-shales, from one to two feet thick, that forms what 
may be termed the debateable ground between the Rbsetic Beds 
and the Lias. I should prefer to group it with the Lias, because 
a similar bed is found in many localities on top of the White 
Lias, and in situations where it clearlp belongs to the Lower Lias. 
At Penarth itself we cannot decide the matter, for the fossils 
Ostrea liassica and JModiola minima, are common to the Rhsetic 
Beds and Lower Lias. 

Basting on those thin and debateable shales, we find a series of 
even-bedded argillaceous limestones and clays, yielding the Ostrea 
and Modiola in abundance, especially the former, so that they con- 
stitute the " Ostrea-beds '* of some authorities — ^here 12 or 15 feet 
thick. They contain also Pleuromya crowcombeia. These merge up- 
wards into similar beds that contain many specimens oi Ammonites 
planorbisy together vnth A. Belcheri, A. Johnstonij and small 
examples of Lima gigantea^ so that the mass of the Lias above 
the Khsetic Beds, for 35 or 40 feet, belongs to the zone of 
Ammonites planorbis. These beds cap the headland of Penarth, 
and are well shown at Lavernock Point where they dip seaward 
(see Fig. 49.) ; but rounding this headland towards the west, we 
find the limestones paying the foreshore (where they exhibit their 
fossil treasmres) and dipping westwards for a space, when they 
again rise, forming, in fact, a gentle synclinal. The trough of this 
is filled with a series of grey marls, not unlike those of the 
Rhsetic Beds^ and I was at first much puzzled with them when 
examining sections on the new railway near Lavernock, and a 
cutting by the docks north-west of Barry Island. These marls 
and marly days, with indurated bands, about 40 feet thick, are 
overlaid by 25 feet of limestones and clays. Unfortunately the 
upper part of the clifi* west of Lavernock is not very accessible, 
and^ as no fossils rewarded my labours, I could only infer that these 
marls and overlying limestones belong to the zones of Am- 
monites angulatus and j1. Bucklandi — zones which are, to some 
extent^ represented at Penarth Headland, and in quarries cast of 
the Penarth dock railway-station ; and are so well developed 
further westwards along the Glamorganshire const. On the 
Watchet coast also, the zone of Am. angulatus appears to be 
represented mainly by grey shale and marl. (See p. 93.) 
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Dr Wright has noted the occurrence of Ammonites Turneri in 
the highest beds at Penarth. He also records Cardinia ovalis, 
GryphiBa areuata, and other fossils belonging to the beds above 
the zone of A. planoi bis.* 

Sammarizedy the Lower Lias at Penarth and Lavemock is re- 
presented by the following strata^ above the Rhsetic Beds : — 

Ft. In. 

Alternations of limestone and clay - about 60 



Bh»tio Beds < 



^ BvcHm^' > ^"y ™"^' "^^^ occaflional nodules of ce- 
^Iji ' f ment-stone and bands of marly limestone 

J ^hiiuM *^«* 40 

r Even-bedded ;Umestones and limestone- 
shales with Am, planorhiSf &c. - about 22 
Zone of J Even-bedded tovgn blue marly and shelly 
A, planorbis, | limestones, clays, and shales, with Ostrea 

liasfica, &c. • • • - 14 

^ Calcareous paper-shales • - 1 to 1 

Band of compact and earthy limestone (im- 
persistent), (probably equivalent to the 
MonoHs'hed of Garden Cuff). 
Bluish micaceous, shales and clays with 
" race," passing down into marly clay with 
bands of compact and marly limestone 

12 0tol5 
Black shales with Avicula contorta, &c. 

The Lower Lias has been extensively quarried at Lliswerrj 
(Liswery) east of Newport in Monmouthshire. The beds are 
worked in part for stone used for building-purposes, but chiefly 
for lime-burning : Portland cement, and Blue Lias Hydraulic lime 
being prepared. No agricultural lime is obtained, as the substance 
preparod, binds too much when put on the land, owing no doubt 
to its hvdranlic properties. Building-lime is made also at a quarry 
N.E. of Tredegar Park, where the material is worked only for 
local purposes on the estate. 

The principal quarry at Lliswerry showed the following 
beds;-» 



Lower Lias. 

Zone of 
Ammonites 
planorbis. 



Ft. In. 

Bluish-grey and hard blue, mostly irregular, 
earthy, and shelly limestones ; separated by 
brown clays at the top and by dark blue 
shales lower down • • • - 8 ' 6 

More even layers (eight or nine) of earthy 
limestone with very thin partings of shale - 8 



The total thickness of the Lower Lias at Lliswerry is estimated 
at 25 feet. The beds yield few fossils, with the exception of Ostrea 
Kassiea (which is very abundant), and Lima gigantea. Saurian 
bones, including remains of Plesiosaurus, were obtained in 1881, 
by Pi of. SoUas, and placed in the Bristol Museum. Mr. J. E. Lee 

* Quart. Joam. Geol. Soc.» vol. xvi. p. 881; and Lias Ammonites, Falaontogr. 
8oc., p. 10. bee also Vertical SectioDt, Geol. Sarvey, Sheet 47 ; and H. B. Wood- 
ward, Proc. Geol. Assoc., toI. x. p. 529 ; Rep. Brit. Assoc, for 1888, p. 900. 
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remarked that these beds (which belong to the zone of Ammonites 
plaiwrhis) were known to the quarrymen as *^ sarpent-stone."* 

At the Tredegar quarry we find limetones and clays similar to 
the beds at Lliswerry^ but on a somewhat higher horizon. They 
yield Ostrea liassica and Lima, but the best cement^beds lie below 
the layers that were exposed at the time of my visit in 1888. 
The total thickness of stone-beds is about 40 feet, according to the 
lime-burner. 

At Gold Cliffy south east of Newport, we find the lowest beds 
of the Lias/comprising 10 or 12 feet of dark shales and grey 
argillaceous limestones, resting on the KhsBtic Beds. I obtained 
Ammonites planorbis, Cardinia, Gryphcea areuata, Modiola 
minima^ Ostrea liassica^ and Pholadomya. The name Gold Cliff 
was derived firom the glittering appearance of the iron-pyrites 
that was formerly to be seen in the black (Rhaetic) shale8.t The 
greater portion of the cliff is how walled-up for the protection of 
the coast. 

In the Severn Cliff, east of Chepstow, and north of Beachley, 
the lowest beds of the Lower Lias (zone of A. planorbis) are 
present above the Bhadtic Beds. Ammonites planorbisy A. Johutoni, 
Ostrea liassica, and Lima yigantea have been recorded.^ 

* Note-Book of an Amateur Geologist, 1881, p. 34. 

t Buckland and Conybeare, Trant. Geol. Soc, ser. 2, vol. i. p. 305. 

X Proc. Oottetwold Club, vol. vi. p. 271. 
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CHAPTER V. 
LOWER LIAS (continued). 
Local Details. 
Harp tree and Chewton Mendip, 

North of the Meudips the direction of the Liassic outcrop is 
Tery irregular, and straggling outliers extend westwards on to 
the plateau of Carboniferous Limestone on Broadfield Down. 

It may be remarked that the Lias, and also the Rhsetic Beds, 
overlap the New Red Marl in places, so as to repose directly on the 
Carboniferous Limestone, the Lower Limestone Shales und the 
Old Red Sandstone in the Mendip Country, and on the borders 
of the Bristol Coal-field ; but there is seldom any evidence to 
ahow that tliese beds anywhere rest directly on the Coal-measures, 
or even on the Millstone Grit, there being, in nearly nil cases, 
evidence of intervening masses of Red Marl or Dolomitic Conglo- 
merate. The exceptions are near Babington and Holcombe, 
where the Lower Lias is represented, on the Geological Survey 
Map^ as reposing directly on the Coal-measures ; at Doynton, 
noith of Bath, where it rests on the .Millstone Grit ; and near 
Emborrow, where it rests probably on the same formation. 

' A remarkable set of arenaceous and cherty beds of Rhsetic and 
Liassic age, occurs in the neighbourhood of Chewton Mendip, on 
Harptree and Egar Hills, at East End, Emborrow, and near 
Binegar. 

Attention was directed to them as early as 1819 by Thomas Weaver,* who 
ffaveihe fullest particulars we have of the strata, but assigned them with 
doabty to the age of the cherty beds (of Upper Greensand age) on the Black- 
doim Hills of Devonshire. A few years later (1823), Buckland and Conybearef 
described the cherty beds, noticing the occurrence of Ammonites and other 
fossils, some of which have been chalcedonized, while others occur in the state 
of casts. These geologists, however, referred the beds (with hesitation) to the 
Dolomitic Conglomerate, because somewhat similar (though unfossihferous) 
chertr beds are associated with that formation, at Eastwood House, and on the 
bill above it, near East Harptree, and near Green Down Cottage. During the 
p r o g re ss of the Geological survey the beds were recognized by De la Beche % 
as of liasiie age ; and in the re-siurvey in 1868, the cherty beds of Liassic and 
IViassio age wen separately mapped by myself. § 

The cherty Liassic deposit reposes on the Dolomitic Conglo- 
merate, the Carboniferous Limestone, and Old Red Sandstone : 
and probably also on the Millstone Grit. The strata must in 
places attain a thickness of at least 30 feet, but in the absence of 
any continuous section^ showing the whole of the beds^ this 
estimate is approximate. 

As remarked by Buckland and Conybeare, the high ground 
above East Harptree '* is covered with blocks of the cherty which 

* Trails. Geol. See., ser. 2, toL i. p. 864. 

t Ibid,, p. 294 ; Ck>Dybeare and PhiUips, Geol. England and Wales, p. 804. 

X Mem. Geol. Snrreyy toL i. p. 277. 

§ GeoL B. Somertett fte., p. 105. 
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appears also in numerous excavations, forming a thick horizontal 
bed, reposing on ochreous sand. The whole surface is oft^i 
scarred with deep, conical, and often very extensiv,e hollows^ 
which probably are ancient ochre pits." Weaver mentioned that 
beds of clay, from 1 to 3 feet thick, and much charged with 
yellow ochre, were wrought for the sake of that substance (from 
which a pigment was prepared), by means of pits sunk two or 
three fathoms in depth. Some of these pits, however, may have 
been sunk to obtain calamine from the Dolomitic Conglomerate 
beneath the chert, while others may be natural ^' pot-holes " or 
'^ swallet-holes," due to dissolution of the Carboniferous Lime- 
stone. It is difficult in every case to decide the origin of the 
pits, for most of them are much obscured by a talus of chert and 
sandstone fragments. 

The largest and most instructive pit occurs east of the Harptree 
Koad, about half way between East Harptree and the Castle of 
Comfort. It is about 60 feet in diameter at the mouth, is funnel- 
shaped, and about 20 to 30 feet in depth. It is evidently a 
natural '* pot-" or " swallet-hole." The section consists almost 
entirely of massive bedded chert, occurring in layers of from 1 to 
3 feet in thickness, standing out sharply, but sometimes weather- 
ing sandy at the exterior, and separated by thin clayey beds aa 
inch or two in thickness. The beds are coated here and there 
with quartz crystals. 

Most of the ochre appears to have been obtained from beds at 
or near the base of the chert. The chert itself is often of a com- 
pact character, and sometimes banded, resembling the rocks 
termed Homstone and Woodstone by the older Mineralogists. In 
other instances the texture is granular. It is of various shades of 
brown, buff, bluish-grey, and white ; and iissooiated with it are 
beds, described by Weaver as quartzose sandstone. The rock- 
specimens examined by Mr. Teall, including the granular varieties, 
consi«st of chalcedonic silica. Heavy Spar occurs here and there 
in the joints of the rock. 

A number of fossils were collected by R. Gibbs and myself 
from the chert of Harptree Hill ; and in the large pit (before 
mentioned) fossils were noticed only in the upper beds, and these 
were extracted with great difficulty. Specimens are more readily 
to be obtained from loose blocks, or i'rom the walls, where the 
rock has to some extent decayed and become softer. The 
following species were identified by Mr. Etheridge* : — 

Ammonites planorbis. 

Johnstoni. 

Astarte, sp. 
Cardinia suttonensis. 
-^— sp. 
Lima gigantea. 

I^inata. 

^— pectinoides (like L. duplicata). 
^— cast of, like L. exaltata. 



Modiola minima. 
Pleuromya. 
Myoconcha psilonoti. 
Ostrea liasaica. 

multicostata. 

sublamellosa. 

Pecten Pollux (or suttonensis), 
Unicardium. 



♦ Geol. E. Somerset, &c., 'p. 108. See also Moore, Quart. Journ. GeoL Soc, 
Tol. xxiii. p. 492. 



LOWEB LIAS : HARPTBBE. 125 

Encrinites occur in some places, as at Emborrow, but these are 
no doubt derived from the Carboniferous Limestone. 

The beds below the chert were well exposed near the cottage 
at Harptree Hill^ in a pit showing hardened reddish-brown 
micaceous sand with Pullastra arenicola. In this neighbourhood 
I obtained also Avicula contorta and Pecten valoniensis^ thus 
proving the Rhasiic age of the lower beds.*^ 

The precise junction of Rhaetic Beds and Lower Lias is 
not now to be determined, but in the section publi:)hed by 
Weaver^ he noted a bed of siliceous breccia at the base of the 
chertv beds and overlying the sands. This breccia is said to con- 
tain fragments of sandstone (probably Old Red Sandstone), quartz, 
ftcf Whether this should be taken as the approximate boundary 
of Rhetic Beds and Lower Lias, or whether beds of the a^re of 
the White Lias are included in the overlying cherty beds, cannot 
be decided from the evidence before U8. All we can say is that 
the fossils obtained from the cherty beds represent the zone of 
Ammonites planorbis ; and it is noteworthy that they include forms 
characteristic of the Sutton Stone of Glamorganshire. (See p. 112.) 

Dr. G. J. Hinde, who has examined the rocks in situ, informed me (October 
1887) that the chert ^' seems everywhere to have the same porous structure, and 
the nlica is in peculiar crystalline grains, resembling frosted sugar. 'Jlie cavi- 
ties seem, in part at least, to be due to the dissolution and removal of 
fragments of calcareous organisms ; amongst them I can recognise the casts of 
fluted Echinoderm spines. The silica appears to have infilled the minute inter- 
spaces between the calcareous fragments to form a matrix, and subsequently 
mj were dissolved out. After several hours hammering, both at the pit and 
at the material on the fields, 1 only found one fragment in which sponge* 

Sieules were pi-esent, and this was by the road-siae between the Castle of 
>mfort and the East Harptree pit. I had at first some doubt whether the piece 
might belong to the Liassic Chert, but I now think it does, for I can find casts 
of the minute Echinoderm spines, and though the larger part is compact there 
is a porous portion of the same character as the rest of the Lias Chert. This 
solitUT specunen gives some grounds for the belief that if we could find the 
laas dnert imweatnered, it would show its derivation from sponge-remains, the 
same as the Carboniferous Chert. ♦ ♦ • Nevertheless 1 do not think 
it would be right to conclude that the Liassic Chert has been derived directly 
from the aea-water, though there is but scant evidence of its orp^anic origin ; 
for it is quite possible that its present granular crystalline condition may have 
resulted from the alteration of the organic silica of Suonge-spicules or other 
siliceous structures. There is a somewhat similar conaition of the silica in the 
Oarboniferous (so-called) chert at Bakewell in Derbyshire. ♦ • ♦ I found 
plentiful traces of spicules in blocks of Carboniferous Chert in the roadside- 
walls between Wells and the Mendips ; and curiously enough two fragments 
of cherty rock^ which you had given to Mr. A. Gillett, from the Mendip rocks^ 
showed spicules very distinctly, and it is therefore probable that the Mendip 
Chert is of the same character as that in the Carboniferous rocks of Yorkshire." 

In attemptiDg to account for the origin of this Cherty Lia* 
(1868-71), I was impressed with the lact that, around Green 
Down Cottage, the Lower Lias and underlying White Lias 
present their ordinary characters. The Lower Lias there consists 
of hard argillaceous limestones and clays with Lima gigantea^ and 

• See also Tawney, Quart. Joum. Geol. See., vol. xxii. p. 79. 
t Some of the Druidical stones of Stanton Drew are blocks that resemble this * 
acd other beds belonging to this cherty series. 
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at the base there is a thin laminated sandj limestone with Ostrea 
liassica in profusion. South of the cross-roads at Egar Hill^ Lias 
limestone occurs, tough nn 1 compact, and not unlike Carboniferous 
Limestone, as are certain beds of tlie Lias near Shepton Mallet 
and in South Wales. Ammonites Johnstoni was here met with. 
The Rhietic Sands, before mentioned, occur over the ordinary grey 
marls, which pass downwards into the red marls of the Keuper. 

The alterations therefore are local and abrupt, and it is impor- 
tant to notice that we find these siliceous modifications in both 
Lias and Trias. The snndv modifications of the Rhaatic Bods, 
above the Grey Marls, are significant, and point to marginal 
deposits, derived probably from Old Red Sandstone ; but we have 
no evidence to prove that the Lower Lias was here represented 
by sandy sediments. In any case the beds have undergone altera* 
tion. I compared this Cherty Lias with that at Portrush in the 
N.E. of Ireland, where the argillaceous beds have been metamor- 
phosed into a dark lydian stone by contact with basalt. On the 
Mendips we have no evidence of eruptive rocks nearer than 
Downhead. It is, however, possible there may have been some' 
intrusive rock which did not find its way to the surface, but made 
its influence felt by the agency of heated water. This, in short, 
is the hypothesis I ventured to advocate ; and the fact that the 
Triassic Beds in the neighbourhood are also of a peculiar cherty 
nature, lent some support to the notion.*^ I may add that near 
Frome the Inferior Oolite, in places, exhibits a very cherty 
character. De la Beche has called attention to thi8,f and I AfSX 
have occasion to refer to the subject in a subsequent volume. 

• 

Radstock and Paulton. 

The Lias in the area north of the Mendip Hills around Rad- 
stock, Paulton, and Timsbury may be divided as follows : — 

Ft* In. F^. Iif» 

Lias . /^^luec^* • • • -100 to 120 0* 

ijias - -^ Limestone and clays - . -76„240 

Rhsetic Beds. White Lias (the top layer known as the Sun Bed). 

The Inferior [Oolite in this tract rests directly on the Blue 
Clays, and there has been some difficulty in fixing their precise 
age. Do they represent Upper, Middle, and Lower Lias, or 
portions only of one or more of these formations ? The difficulties 
are mainly due to the rarity of sections, the want of palsoonto- 
logical evidence, and the apparent absence, between Bath and the 
Mendip Hills, of any prominent beds of Marlstone. 

Palsontological evidence, however, shows that in this r^ion 
the zone ot Ammonites Jamesoni, and locally that of A. HenUyi, 
are represented, like the lower zones, by one or more bands of 
limestone ; so that as regards the main mass of the Lower Lias, 
the calcareous beds prevail over the argillaceous. Therefore it 



* Oeol. Mag., 1871, p. 400. 

t Mem. GeoL Survey, rol. i. p. 287. 
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msy be concluded that the mass of the bine clay here belongs to 
the Middle Lias, and part perhaps to the Upper Lia?. 

The Lower Lias in the neighbourhood of Radstock presents 
manj remarkable features, to which attention was first called by 
Charles Moore. The beds exhibit in places a considerable attenua- 
tiODy while at the same time they are rich in fossils : in this respect 
resraabling the Inferior Oolite of Dorset, where a similar diminu- 
tion in me thickness of the strata is attended by a great 
ftbundance of organic remains. 

The sections near Radstock, moreover, exhibit much variation 
in detail; phosphatized fossils occur at different horizons, and 
there is evidence of the reconstruction of some layers and the 
consequent derivation of some of the fossils from earlier stages, so 
that there is a comminglincr of species that elsewhere occur in 
more or less distinct zones. At the same time, the general 
snccession of the zones of life is not disturbed, although the 
distinctions cannot be always recognized. That there was a 
paudty, and even absence of sediment, over certain areas may be 
safely assumed from the features presented by the different 
aections. Tawney observed that '' there really was not suflBcient 
sediment to be the burial ground of distinct zones of life."* The 
zones overlap one another and vary much in their distribution : 
for instance, the Spirifer-bed sometimes rests directly on the 
White LiaSf and at others it is separated by some thickness of 
limestone. 

As a rule the lowest beds of the Lower Lias consist of two or 
three beds of brown gritty limestone, with fenruginous specks ; 
these are from 18 inches to 4 feet thick, they are fossiliferous, and 
they give rise to a red soil The beds are known to the quarry- 
men as '^ Com ^t"t Higher up there are beds of pale buff or 
jiellowish iron-shot limestone that it is not always easy to distinguish 
from the Marlstone or Inferior Oolite.^ This iron-shot character 
is especially marked in the layers yielding Ammonites Jamesani, 
and as remarked by Tawney, the little grains of yellow ochre 
produce an oolitic appearance. A section of this iron-shot rock 
from Paulton shows no true oolitic structure ; the specimen was 
sent to Mr. A. Strahan and examined by Dr. Hinde, who found 
that the ffrains were mostly fragments of Echinoderms. 

The identification of the several zones depends entirely on the 
collection of fossils in situ from each individual layer, and as the 
bands of limestone are often very tough, much labour and patience 
are needed, for the specimens put aside by the quarrymen cannot 
be depended upon for this purpose. Representatives of all the 
zones of the Lower Lias have locally been noticed. 

Spirt ferina Walcotti, which locally is a very abundant fossil, 
occurs chiefly in a clay-band, belonging to the zone of 
A» Bucklandi, Many of the Brachiopoda recorded, are those 

♦ Tawnej, Proc. Bristol Nat. Soc., ser. 2, vol. i., pp. 172-175. 

t Lonsdale, Trans. Geol. Soc., ser. 2, vol. iii. p. 246. 

X See also Euckland and Conybeare, Trans. Geol. Soc., ser. 2, toI. i. p. 300. 
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found elsewhere abundantly in the MarUtone ; GrypluBa cymbium 
is also a Middle Lias form. 

Rolled pieces of Carboniferous Limestone, and occasionally 
pebbles of quartz, occur in the beds, but they are more remarkable 
for phosphatic nodules and phosphatized fossils, which occur at 
different horizons, though not in great abundance. These facts 
furnish evidence of reconstruction and of pauses in the deposit* 
tion of the strata. Bristow and myself noticed a limestone, the 
base of which contained many black irregular and tough calcareous 
nodules in several of the quarries near Timsbury, Paulton, and 
Badstock.* At Timsbury this bed occurred 3 ft. 9 in. aboTe 
the Sun bed, and we obtained Grypheea arcuata in a bed of 
clay immediately above it. Ammonites planicosta occurs at this 
locality. 

The following section at Branch Huish, south-east of Radstock, 

was noted by E. B. Tawneyt - — 

Ft. In. 
Upper Lias P Yellowish-brown clays - • •26 

mff-jji T • f Pale-firey iron-shot limestone, with Cardinia 
Middle LiM.^ co^inia, lfy<.(*M. &c. - - - 1 6 

Light yellow iron -shot limestones, with ilm- 
monites Jamesoni, A, Ibex, A, brevispina. 
Nautilus f Gryphtea cymbium, Inoceramusven* 
tricosus, Terebratula punctata, Waldhamia 
J J ' J numismalis, Rhynchonella tetrdhedra, &c. - 6 

Liias. "S pj^jg marly limestone, with dark phosphatio 
concretions, Ammonites raricostatus phos- 
phatized - - • • • \ b 
Pale limestones with clay.partin((S,iliiifitoiii/et 

Wilanorbis, Lima gigantea, &c. (Com grit) - 4 
hite Lias. 

Tawney grouped the beds above the "Com grit/* in this 
section, with the Middle Lias, in accordance with the classification 
employed by Dr. Wright; but the fossiliferous beds belong chiefly 
to the Lower Lias, according to the grouping now adopted. 
West of Radstock Church, in the Wells road, the Lower Lias 
limestones are much more thickly developed ; and the following 
section was described by Tawney,J with whose notes my own are 
incorporated : — 

Ft. In. 

Grejr clay with phosphatic nodules, Sjpt-"^ 
nferina Walcotti, Hhynchonella varia^ | 
bilis, Gryphsa arcuata, &c. - -^70 

rZ ne f I '^^^ thick beds of limestone, separated I 
Ammonites ^^ ^"^^ ®^^^ ^^^^* ^^*^ ^' ^^^^^^ 'J 

jL«ower I Bucklandi -^ About 30 layers of grey and brown arg^l- 

Lias ~ lanorkTla 1imoaf/\no twifVi 4-Vtin /«1ovr-nB«i^_ 



•las. ] 



and 
planorbis. 



laceous limestone, with thin clay-part- 



ings, G. arcuata, Lima giyantea, L. 
punctata - - - - 18 

Thin even beds of fissile sandy limest-one 
and shale (4 or 5 layers), Ostrea lias» 
sica, Modiola minima (Com grit) - 3 
RhsBtic Beds, w^hite Lias. 

♦ These are ali?o noticed by Lonsdale, Trims. Geol. Soc, ser. 2 , vol. iii. p. 246. 
t Proc. Bristol Nat. Soc., ser. 2, vol. i. p. 186. 

X Proc. Bristol C?at. Soc., ser. 2, vol. i. p. 170. See also B. Tate, Quart. Joum. 
Geol. Soc, vol. xxxi. p. 495. 
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The layers of Com grit are used for paving ; the limestones ahove are said 
to make the best lime in the district. Tawney obtained a specimen of Ammonites 
plamorbis at this quarry, probably from the lower beds. 

The Lower Lias was well exposed in cuttings along the 
Midland Railway between Radstock and Wellow. South-east of 
Shoscomb the Sun bed was seen at the base of the Lias. The 
limestones of the Lower Lias, which are rather disturbed in 
places, are rich in fossils. The Spirifer-bank, as was pointed out 
to me by Moore, occurs in the upper part of the Limestone Series 
capped by blue clay, which is the Foraniinifera-zone. Towards 
Wdlow, cuttings in blue clay have been made, an(^ this is apparently 
unfosdliferous. Bands of earthy limestone occur here and there 
in the clay, which is micaceous, and in part of Middle Lias age. 
Upper Lias was identified in places by Moore, and the beds are 
capped by Inferior Oolite. 

At Stoney Littleton the following section was to be seen : — 

Ft. In. 

"Clay, with Spirtffirina Walcotti and S. rostrata, 
RhynchoneUa variabilis, Belemnites, Ammonites 
MaugenesH, A. raricosiatus, A. semicostatus ? 
Fossils in many cases phosphatized - -10. 

» / Thick limestone, with many specimens of Chyphaa 

T • ^ arcuata at top. Amm, Bucklandi - - 2 

Ruhbly limestone and clay. Lima gigantea, Ostrea 5 
Stone with clay-partings. L, gigantea - ^ J {) 

Thinner beds of limestone and brown shale (Com 

grit) - 2 

White Lias (ferruginous stains on joints). 



Rhsstic 1 
Beds. 



I also obtained Lima hettangiensisy L, succinctay Pholadomya 
glabra, and Unicardium cardioides. 

Near Stoney Littleton large blocks of sandy iron-*shot limestone 
were found imbedded in the blue clay at the base of the railway- 
cutting. They yielded Pecten lunularis (liasinus). Ammonites 
Ibex, A. Maugenesti, and numerous Belemnites : thus indicating 
the zone of Am, Jamesdni. 

Proceeding north of Radstock towards the Clan Down coal- 
works, there are several quarries, which however are not much 
worked at present, and it is diflScult to note the sequence of the 
beds down to the White Lias. The sections have been recorded 
in detail by Tawney * and Prof. Tate.t Ammonites Jamesoni. A, 
Henleyij and other species occur in tho upper beds ; lower down 
A, subpUinicosta has been met with. I obtained Ammonites Ihex, 
A, Maugtnesti. A, raricosiatus ^ A, semicostatus , A. Valdaniy 
Plenrotomaria^ Gryphceay Lima Ilermanni, Pholadomya ambigua, 
Bhynchonellq variabilis, Spirifcrina. Walcotti^ and Terebratula 
punctata: species indentified by Messrs. Sharman and Newton. 

Further on at Bo widish, a quarry north of Welton, and imme- 
diately south-west of the cross-roads between Clan Down and 
Paulton, showed the following section, which I visited in company 
with the Rev. H. H. Winwood : — 



♦ Proc. Bristol Nat. See, scr. 2, vol. i. pp. 172-177. 

t Quart Joum. Geol. Soc, vol. xxxi. pp. 495, 497, 500, &c. 

£ 70S59. 
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Ft. In. 



S 

u 

O 
-3 



Grey limestone, nith iron«shot trains. 

y f [rfoticed by Tawney, who recorded from 

^one o J it A, armatus. A, raricostatus (probably 

A. armaius. derived), Terebratula punctata, Rhyncko- 

L nella variabilis, &c.] - - -0 8 

{CUays with a bed of nodular limestone [A. 
raricostatusif Nautilus \_Belemnites penicil- 
latus, Gryphtea cymbium], Spiriferina Wal- 
eotti,Nulliporites? - - -20 

Zone of \ Interrupted oed of limestone — large Am- 
A. obtusus ? / monite. 

Clav, Spirifer-bank, with S. IValcotti very 
abunaant, Gryph^a arcuata^ Ammonites 
bisulcatus, lA. Bucklandi, A, raricostatus, 
A. sauzeanus, T. punctata, R, variabilis'], 
A. Bucklandi J Phosphatic concretions and phosphatized 

and \ fossils - - - - -30 

I Limestones, with phosphatic concretions 
near top. [A. sauzeanus'^. A, Bucklandi, 
Lima gigantea, Gryphcea arcuata, Ostrea 
liassica, &c. - - - - 4 

Rhaatic Beds. White Lias. 



Zones of 



[ A. planorbis. 



The species included in brackets, were recorded by Tawney.* 
In addition to those mentioned, I obtained Ammonites Jamesoni, 
Pholadomya amhigua^ and Pecten Pollux, 

Munger quarry, south-cast of Paulton, is situated south of the 
Coal-works (on the Lias), and between the two road?. It has, 
liowever, long been disused, and only a few of the upper beds were 
exposed to view in 1886, when I vi:*ited the locality under the 
guidance of the Rev. H. H. Winwood. The section was first 
described by Moore,t who obtained many fossils, while additional 
species have been recorded by Ta^vneyt and Tate.§ These in- 
clude Ammonites Henley i^ A. Jamcsoniy A, latcecosta^ A, Jmbria- 
tus, A. Ibexy A, Maugenesti, A. Valdaniy A, raricostatus, A. 
Tumeriy A, Johnstoniy Belemnites (several species), &c. I obtained 
Ammonites nitcscens (a Middle Lias form), and Lima succinctay 
from the upper beds, which no doubt represent the Middle Lias. 
A sandy bed with Spiriferina IValcottiy Gryjihcea arcnata, and 
Belemnites, occurred jit the base, resting on the White Lias. 

Another section in this neighbourhood, " about one mile south- 
east of Paulton," was noted in 1867 by Bristow and myself; it 
showed the following beds |i : — 

Fp. In. 

Soil and rubble of limestone and clay, with Ammo- 

nites, Belemnites, and Rhynchonella - about 4 6 

Limestone, nodular at base - - - - 1 

Nodular and clayey beds, with Belemnites, Gryphtea 
Lias. ^ arcuata, Pholadomya, Pleurotomaria, H'aldheimia 

numismalis - - . . - 1 - 

Limestones, with Belemnites, Grypheea arcuata, and 
[ Spiriferina fValroffi - - - - 3 

Khsetic 1 ^^.t .. r . 
Beds. I ^^''"'^'" 



Lower 



< 



* Proc. Bristol Nat. See, ser. 2, vol. i. pp. 172-175. 
t Quart. Joiirn. (Jeol. See, vol. xxiii. p. 474. 

I Proc Bristol Nat. Sec, ser. 2, vol. i. p. 178 : and specimen* in the Bristol 
Museum. 

§ Quart. Jouru. Geol. Soc, vol. xxxi. p. 500. 

I! See alto Vertical Sections, Geol. Survey, Sheet 46, No. 13. 
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A brickyard to the north of Munger quarry, showed about 
10 feet of blue and brown clays, with noduica of argillaeeoua iron- 
atone and septariu, resting on 8 feet of dark blue clay; beds 
regarded by Tawney ac Upper I^ias. (See p. 210.) 

FhylliB Hill quarry is situated a little north-weat of Munger 
quarry, on the road between I'aulton and Alidsomcr Norton. It 
showed the following seciiori in 1886* {See Fig. 50) :— 

Ft. In. Ft. In. 
D. Irre^ulsr shelly limestones, with Belemitiles, 

and RhyRchonella - - - - I Ctto 2 i> 

C. Duk bluieh and pule ([rej-clay, with nodules 

of limestone, phosiihatic concretions, ifec. - w fi 
Lower J B. Pale grey earthy limestones, with Gryphita 
Liu. ^ nrcaattt at the base - - • 4 to S 
A. Clay and sandy marl, sandy at liose, with 
phusphatic nodules, G. arcuala, Prcien 
lunularis, large Pleurolonaria, Spiri/erina 
,_ Walcotii, and Ligr.ite ( DieotyledoDoua) - 1 to I (» 
Ah»lic r Sun bed (with Gruphaa arcuata m crevices) - 1 (1 to -J L> 
Beds. I White Lias 4 6, 

FiO. 50. Section at P/n/llU Hill, Faulton, Somerietsldre. 




4. Lower Lia.*. a. White Lias (Rha;tie B«l->. 

Among the species I obtained were A. scipionianns, A. semicm- 
tatua, A. Jametoni, A. bisuleatus, A. brerispina, Cryptania solarioidet, 
Somomya, Cardinia, Ostrfa, Pecten lunularis, Lima acuticosta, 
iValdkeimia WuterhoKsei, W. numismalis, If. eorimta, and Bhynchtt- 
nella rimota. These fossilH were named by Messrs. Sharman 
and Newton. Tawney recorded A. Bucklandl, A. sntizeumis, A. 
raricostatua, Tartbratida punctata, from bed A., which he ^roxips 
with the zone of A. Jiiic/thnidi ; fioin bed B., he noted A. obtusnn 
and/4. oxynotus! ; from bed C, -f. rffrir('J/rtf«.s(phosphatized), A. 
planicosta, A. oxynotus'.; and from bed !>., Il'ald/ieimia ttiitnin- 
mslis and Pkoladomya nm/iiyua.f 

IVom a quarry north-west of Panlton chinvli, I obtained a large 
iVau^Vuj from limestones yielding SpirifTiiia Jl'iilcotli, Pleuroniyu, 
Ostrea irregularis, firyjika-ft arcuata, Lima giyante.i, and contain- 
ing quartz pebbles. 

The following section at Canierton was noted by Moore:— 

Ft. Ik. 

Middle Liu P Irregular beds of marlstone - - - )i d 

TNodular bed with Ammonites rarkaslalus . 3 

I Brownish clay ■ - - - 2 It 

Blue limestone with Fish-scales, Apli/ehus, and 

T T • 1 Ammonitts semicostatus ■ - . (I i; 

Lower Liu. -^p„„„inifp„^one. Blue cUy . -SO 

Spirifer Bank, indurated marl, with many 

specimens of Spiriferiia H'atcotti • - 6 

1_ Lime stones aad clays (Lima series) - - 4 10 

Bheetic Beds. White Lias - - - - . 8 (I 

• See also section by Bristow, of a quarry N.W. ot Welton. Geol. K. SoiBerwt, 
ftc., p. 97. 
t Proe. BriiloINat. Soc, ser. S, vol. i. p. ITa. I 2 
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It was from this neighbourhood that a specimen of the Spin-- 
ferina was first figured by John Walcott* Moore notes the 
occurrence of Ammonites Bucklandi, A. Conyhearei^ A. angulatuSy 
A. Thtmeri, &c. The old pit is situated about J mile N.N.E. of 
the church, and having long been disused when I visited it iu 
1885, in company with Mr. Martin F. Woodward, we had great 
difficulty in finding the Spirifer bank. In the lowest beds of hard 
grey shelly limestone, Belemnites and Rhynchonella variabilis were 
met with ; and above, there were 5 or 6 feet of clay and sandy 
shales (with lumps of Carboniferous Limestone and occasional 
quartz pebbles), in the lower part of which S. Walcotti and Gryphaa 
arcuata were found. Plioladomya ambigua and Ammonites bisulcaius 
also occurred. 

A somewhat similar section to that at Camerton, was exposed 
at Medyeat near Timsbury ; there the Foraminifera zone (stiff 
blue clay, 7 ft. 6 in. thick), was exposed above the Spirifer-bed, the 
former being grouped by Prof. Tate in the zone of A. oxynotus. 
This classification must be regarded as approximate, for at 
Camerton Moore found A. semicostatus in the bed above the 
Foraminifera Zone.f (See p. 131.) 

The following section in a quarry below Timsbury was noted 
by Tawneyt : — 

Ft. Ins. 

rBro\vni8h-grey clay, &c. - - - 1 6 

Zone of J (ireenish-grey limestone. Ammonites obiusus, 
A, obtusus, &c. I A, planicosta, Avicula iiuequivalois, Fish- 

L scales - - - • - 5 

f Laminated brown clay - - -26 

Stiff blue clay, sandy at base, and with phos- 
phatic concretions. Ammonites sameanus. 
Nautilus, Belemnites penicillatus, Gryphtfa 
arcuata, Pecten cahus, Spiriferina Walcotti, 
Terebratula punctata, and lignite - - 6 

Zones of Thick grey limestone. Ammonites sameanus, 
A, Bucklandi,. ^- rotiformis Gryphaa arcuata Lima 
and "^ succmcta, L, Hermanm, Rhynchonella varta- 



A, planorbis. 



ttilis, S, Walcotti, and var. Munsteri, S. 
rostrata, Terebratula punctata, Waldheimia 
cornuta - - - - - 2 6 

Brown clay. G. arcuata, Lima Hermanni - 1 
Pale grey limestones and shales, with Lima 
succincta, L. gigantea, L, Hermanni, Pinna, 
Unicardium cardioides, Pleuromya - - 4 8 

_Grey limestones, with partings of clay - 1 8 

Rhaetic Beds - White Lias - - - - .40 

Tawn^ observed that he had not obtained Ammonites angulatus anvwheie 
in the district. Prof. Tate, however, grouped the lower beds of Lias at 
Medyeat with that zone, and Moore has recorded the species from Camerton. 

♦ Description and Figures of Petrifactions found in the Quarries, Gravel Pits &c 
near Bath. 8vo. London, 1779. ' 

t See Moore, Proc. Somerset Arch, and Nat. Hist, Soc., vol. xiii., p. 154, and 
Quart. Journ. Geol. Soc., vol. xxiii. p. 471 ; Tawney, Proc. Bristol Nat. Soc., ser. 9 
vol. 1. p. 185 ; Tate, Quart. Journ. Geol. Soc., vol. xxxi. pp. 496, 497, and 601 ' 

J Proc. Bristol Nat Soc., ser. 2, vol. i. p. 182. 
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Vale of Wrington. 

The Lower Lias limestones are exposed here and there at 
Chewton Mendip, Stone Easton, near flinton Blewet, Burledge 
Hill, and near Stowey and Glutton''^ ; but in this area the beds 
baye not yielded the same number of organic remains that have 
been noticed further east. Th^ quarries are not deep> seldom 
exposing more than 8 or 10 feet of limestones. 

Westwards^ the Lower Lias extends on to the Carboniferous 
Limestone of firoadfield Down, overlapping the Rhsetic Beds in 
places. As remarked by De la Beche, in places the Lias becomes 
conglomeratic and partakes of the nature of the Sutton Stone 
•of Glamorganshire.! The beds here veere re-surveyed by 
Mr. Ussher. Moore noted the section as follows : — 

Ft. Ins. 
Stone beds - - - - - - . 10 4 

Ragstone and rubbly beds - ••-78 

Conglomerates. 

18 

He observed that ^^ the abundance of Modiola minima and other 
remains shows clearly that this deposit belongs to the White Lins ; 
but its texture is so precisely like the Sutton stone that it might 
readilv be mistaken for that rock. Like the Sutton stone it is 
very durable, and may be raised in blocks of many tons weight. 
At the base of the quarry there are thick conglomerates with 
Ostrea intusstriata^ the thicknesses of which are imknown, and in 
which galena is founds as at Sutton. A Thecosmilia in casts is 
rather plentiful at this place."}: 

During a visit to the district in 1888 in company with Mr. C. 

Beid, we saw a freestone quarry at Downside. It showed from 18 

to 20 feet of massive-bedded sparry lime-rock, evidently of 

detrital origin, and reminding me of the Doulting stone (Inferior 

Oolite). In both cases the rock may have been derived from the 

Carboniferous Limestone. The Downside rock may be described 

as a bastard freestone. The joints are smooth, and some beds are 

very shelly. Gasteropods, Modiola^ Cardinia^ and Ostrea were 

•observed, but all poorly preserved. The weathering of the rock 

is cavernous, and on top there was about 1 foot of brown soil. The 

rock is somewhat porous in texture, but troughs, cornices, and 

building-stones are obtained irom it. There can be little doubt 

that the beds are of the age of the Sutton Stone. 

Bath and Keynsham, 

The limestones, which represent so much of the Lower Lias 
around Badstock, become more restricted to the lower zones as 
we approach Bath and Keynsham. In the valleys east of Bath 
we have few sections of the strata, but the Blue Lias series is 

* A section of the Lower Lias at Glutton is given by Messrs. Bristow and 
Etheridge in Vertical Sections, Sheet 46, No. It'. 

t De la Beche, Mem. Geol. Survey, vol. i. p. 276. See also Tawney, Quart. 
Journ. Geol. Soc, vol. xxii. p. 79. 

J Quart. Joum. Geol. Soc, vol. xxiii. p. 504. 
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ft 

well exposed at Weston, Twerton (Twiverton), Saltford and 
Eeynsham. 

The lowest beds are seen in the cutting of the Midland Railway 
west of Weston Station, where we find liard blue and grey lime- 
stones with shaly partings, containing Ostrea liassica, and resting 
on the White Lias. At the adioining lime-work?, nearer the rail- 
way-station, and on the south side of the railway, we find higher 
beds belonging to the zones of A, angulatuSy and A. Butkiavidi. 
The beds comprise hnrd blue and brown limestones and bine sandy 
shales, with v4. Bucklandi, Gryphcea arcuata^ Lima gigantea (small 
forms), i. Hermanniy Ostrea liassica^ O, irregularis, and Petten 
lunularis. At these lime-works the Blue Lias is burnt into brown 
lime, for building-purposes ; and Carboniferous Limestone is 
burnt into white lime, for agricultural purposes. 

Other quarries are situated to the north of the railway, and 
show the upper part of the stone-beds with 3 feet of brown and 
grey clay on top ; and from these Moore obtained many fossils.* 
He has recorded, in addition to the species before mentioned. 
Ammonites angulatuSy A, Conybeareiy and A. Tumeric Nautilus 
lineatuSy N, intermedius, Pleiirotomaria anglica (and a number of 
other Gasteropoda), Cardinia Listeri, Pholadomya ambiguay 
Plicatula intusstriatUy Unicardium cardioides, Pecten PolluXy 
P, subl(EviSy Avicula incequivalvisy Spiriferina Wdlcottiy Rhyn- 
chonella calcicostoy together with some remains of Saurians, 
Fishes, &c. I have obtained also Rhynchonella pUcatistimUy 
Terebratula punctatOy and Pholadomya glabra. 

The full thickness of the Blue Lias series at Weston appears 
to be 56 feet.t 

On the opposite side of the valley at Pennyquick near Twerton, 
the Blue Lias beds have been largely worked for road-stone and 
for lime-burning. At one quarry the beds are shown to a^depth 
of 16 feet, and consist of blue and grey limestones, some irregular 
and nodular, with partings of clay and shale. The beds belong 
to the zone o^ Ammonites Bitcklandiy aud yield that fossil together 
with Gryphcea arcuata, Pecten lunularis y Pholadomya glabra, 
Rhynchonella calcicosta, Pentacriiius basaltiformis, &c. Morris 
records Nautilus lineatus, Lima gigantea, and Pleurotamaria 
anglica,X 

A fine section showing about 50 feet of the Blue Lias series 
down to the White Lias, was exposed in a cutting of the Great 
Western Railway west of Saltford, and has been recorded by 
Messrs. Bristow and Etheridge.§ 

North of Keynsham Station there is a quarry showing lime- 
stones with Ammonites ajigulatus, A. rotiformisy -4. semicostatus ? 
Oryphcea arcuata (abundant), Pleuromya costata, Cardinia, 
Ostrea irregularis, and Rhynchonella plicatissima (abundant). 

* Moore, Quart. Journ. Geol. Soc, vol. xziii. p. 497 ; see also Free. Cottetwold 
Club, vol. iv. p. 84. 

t LoDtdale, Trans. Gcol. Soc, fter. 2, vol. iii. p. 243. 

t Geol. Maff., 1868, p. 234. 

§. Vertical Sections (Geol. Survey), ;Sheet 46, No. 9; see also sections bj W. 
Sanders, Quart. Journ. Geol. Soc., vol. xvi. p. 399, Wright, Lias Ammonitef, 
p. 36, and Phillips, Geol. Oxford, p. 113. 
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Soutli-easth of Keynsham, the Lower Lias ha8 been extensively 
quarried for building-stone and lime-burning. Tlie stone-beds 
have been exposed to a depth of about 20 feet ; the upper part 
shows thin and even-bedded limestones and clays, the lower beds 
oompuse limestones divided by thin shaly and sandy partings. 
The fossils here found were Nautilus ^ Ammonites Bucklandiy 
Oryph(Ba arcuata, Lima gigantea (small), and Ostrea liassica]; 
the beds representing the zones of A, Bucklandi (lower part) and 
A. planerbis. Many Gasteropods and other fossils have been 
obtained by Moore. In the uppermost portion of the zone of 
A- Bucklandiy he noticed a thin band of indurated marl with 
Plant*remaius and Fishes {Hyhodus, Acrodus, Lepidotus, &c.) and 
Amcula inaquivalvis* 

The enormous Ammonites found in the limestones, of the Lower 
Ijias at Keynsham, have given rise to the same romantic legend^^ 
respecting the miraculous powers of St. Keyna, as have prevailed 
concerning St. Hilda at Whitby.t Ammonites Bucklandi 1 ft. 
9 in. in diameter has been obtained, and near Saltford A, Cony- 
heard having a diameter of 1 ft. 6 in. Large examples of -4. Buck- 
landi are occasionally found without the inner whorls ; and such 
was the case with the specimen originally obtained by Buckland, 
who, thrusting his head through it, rode home, dubbed by his 
friends the Amman KnightX Extracrinus briareus has also been 
recorded from Keynsham. 

At Keynsham Hams, borings of MoUusca ? and marks of erosion 
are stated by Bristow to occur in the lop of the Sun bed.^ 

The general characters of the Lias at Bath may be inferred 
from the fpUowing section, furnished by a fruitless trial for coal, 
which was made at Batheaston, and abandoned in 1812 : — 1| 

Ft. In. Ft. In. 

Yellow clay - - -8(1 

Blue marl with bands of stone 54 10 
Blue rock - - - 12 

< Marl - - . - 1 

Stone - • • 1 

Blue marl - - - 24 

Rock - - - - 3 

r Blue marl with bands of stone 65 



Upper Lias P 

and 
Middle Lias 



. 104 4 



Lower Lias 



Rhaetic Beds 



Red Marls 



Dolomitic Conglomerate 24 Mill-stone 



142 8 < Marl and stone 

L Hard rock and blue stone 
f Stone [Sun bed?] 
I White lias rock 
I Blue marl . - - 

36 3-^ Stone, clay, and rough blue 
marl - 

Black marl - - - 

Light blue marl 
30 Red ground - 



41 
35 

2 
10 

6 

6 
10 

2 
30 
24 

3;<7 






(; 




(I 

5 




3 





'3 



* Moore, Quart. Joum. Geol. Sec, vol. xziii. p. 502. 

t Buckland and Conybeare, Trans. Gcol. Soc, ser. 2, vol. i. p. 302. 

J Sowerby, 'Mineral Conchology, vol. ii. p. 6i^. 

§ Vertical Sections, Sheet 46, No. 12. 

II From document presented to the Geological Society by Mr. Meade, Hon Mem., 
Feb. 8, 1810. This record differs slightly from that given by Conybeare and 
•PhilHpe, Outlines of Geol. England and Wales, p. 262. See also Moore, Quart. 
Joam. Geol. Soc., vol. xxiii. p. 458. 
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The boring extended to a depth of 68 feet beneath this. The 
^roupmg of the divisions of the Lias is given with considerable 
hesitation ; it is doubtful if Upper Lias be present. 

We have, however, evidence to show that the thickness of the 
Blue Lias limestones^ which in this neighbourhood include the 
zones of Ammonites planorbis, A, anffulatus, and A. Bucklandi^ 
attain a thickness of 76 feet. This thickness becomes reduced at 
Twerton to 66 feet,* as proved in a boring at the coal-pit ; and it 
is much about the same thickness at Bath.f 

Of the clayey beds of the Lower Lias, near Bath^ we have few 
sections and but little palaeontological information. A brickyard 
south of the Great Western Railway and east of Twerton station, 
showed about 15 feet of brown and blue mottled marly day with 
ochreous nodules, and bands of fissile sandy and calcareous stone; 
and these beds overlie stiff blue clay with Belenmites. 

At the Bath waterworks^ situated in the valley east of Swains- 
wick, Moore obtained Hippopodium ponderosum^ a fossil exceed* 
ingly rare in the district to the south, but abundant at certain 
horizons near Cheltenham, and further north. 

Lonsdale estimated the total thickness of the Blue clay and 
marl (above the Blue Lias limestones) at Bath at 200 feet ]% ^^^ 
this argillaceous series includes the beds up to the Midford Sands 
at the base of the Inferior Oolite. 



Chew Magna and Bristol to Purton Passage. 

The Lower Lias forms a broad platform north of Chew Magna 
on which Kes the Inferior Oolite of Dundry. The higher beds of 
the Lias in this area are so rarely exposed that but little is known 
about them. The Lower Lias may be about 350 feet thick § 

Ammonites Tnrneri has been obtained from the Lower Lias at 
the Reservoir at Barrow Gurney. Northwards at Castle Farm, 
on the Bedminster Koad, the limestones have been quarried in 
places. We find brown clays and limestones, resting on dark 
blue clay^, with bands of yellow (iron-stained) limestone, near 
the top of which Mr. £. Wilson has obtained some Gasteropoda. 
The fossils include Ammonites angulatuSy Nautilus, Pleurotomaria, 
Lima gigantea, L, Hermanni, &c. showing that here the zone of 
A. angulatus is represented. 

Bristow noted a quarry west of the high road at Upper 
Knowle, south-east of Bristol, where the lower beds with Lima 
gigantea, knd Ostrea liassica, were shown || ; and Moore recorded 



* De Kance, Kep. Brit. Assoc, for 1875, p. 132. 

t See section by Moore, at Kingsmead Street, Bath. In the account given, too 
i^reat a thickness is assigned to the White Lias. Quart. Journ. Geol. Soc. vol xxiii 
p. 4y6. 

X Trans. Geol. Soc, ser. 2, vol, iii. p. 243. 

i^ See section hy W. W. Stoddart, Wright, Lias Ammonites (Palajont. Soc.), p. 14«. 

;; Vertical Sections (Geol. Suney), Sheet 46, No. 4. /» f • 
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a section of the lowest beds of the Lower Lias nt Bedmiuster 
Down.* His section is as follows : — 

Ft. Ins. 
Limestones and clays - - - - 6 2 

Laminated stone with Ammonites planorbis and 

Insects - - - - - 7 

Limestones and marls, with Ostracoda - 4 5 

Am, planorbis,^ lAmeBtone mth Lima gigantea, Ljuberculata, 

Ostrea multicostata - • - .07 

Limestones and marls with Ostrea Uassica ; 

Insect and Crustacea bed at base - - 4 

Rhostic Beds - 'White Lias. 

Lima giganteay as remarked by Prof. Tate^ here seems more 
prevalent in the lower stages of the Lias than it is further south^t 
but as a rule we find only small specimens. 

We have no evidence of any mass of limestones representing 
the zone of Ammonites Bucklandi far to the west of Kevnsham. 
Passing to the north of the Avon we find outlying masses of 
Lower Lias and Rh^tic Beds ; and the Lower Lias overlaps on 
to the Carboniferous Limestone west of Horfield and Alveston, 
showing that promontories or islands of the older rocks stood out 
in the Liassic seas. The Bristol Coal-field itself was no doubt 
covered at one time by the higher beds of the Lower Lias. 

W. W. Stoddart has described the beds at Ashley Down, 
Montpelier, and Cotham. At the first-named locality, the zone 
of Ammonites Tumeric consisting of shales 2 feet 3 inches in 
thickness, is exposed. The zone of A. Bucklandi^ which is just 
reached at the Ashley Down Quarry, is passed through at the 
Montpelier Quarry. This zone conslists of limestones and shales, 
about 22 feet in thickness. The zone of A, planorbis beneath, is 
worked at the Montpelier Quarry and at Cotham. It consists 
of shaly beds and limestones ; and at Cotham the White Lias is 
reached.}: Avieula cygnipes is found at Montpelier; and this fossil 
seems most abundant in the lowest beds of the Lias in this area, 
at Aust, &C. Ammonites Johnstoni occurs at Cotham. 

The basement-beds of the Lower Lias have been opened u*^ 
at Horfield, near Stoke Giffbrd and Alveston. From ilorfield, 
Bristow obtained A. planorbis^ Ostrea liassica, spines of Cidaris, 
&C. ; also, in higher beds, remains of Gyrolepis^ PholidoplwruSy and 
Ammonites laqueolus (tortilis).^ A. angulatus has also been found at 
Horfield. 

Li some portions of the Bristol area, the Lower Lias appears to 
rest directly on a bed resembling the Landscape or Cotham 
Marble, and Bristow then took this rock as the upper limit of the 
Rhsetic formation. At Cotham about 2 feet of the White Lias 



* Qaart. Joum. Geol. See, vol. xxiii. p. 500 ; see also E. Wilson, Ibid., vol. 
xlvii. p. 545. 

t Ibid,, vol. xxxi. p. 496. 

J Quart. Journ, Geol. Soc, vol. xxiv. p. 199. See also C. O. G. Napier, Ibid,, 
p. 204. 

§ A section at Horfield, showing about 28 feet of Lower Lias, is given by Bristow 
in Vertical Sections, Sheet 46, No. 2. An analysis of Lias limestone from Stapleton, 
near Bristol, was published by A. Voelcker, Joum. Bath and W. of Eng. Soc., ser. 2. 
vol. vi. p. 325. 
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may be seen above the Marble ; but elsewhere in the area, (lis* 
tinctive beds of While Lias are not always to be found, and it is 
possible there is some overlap of the White Lias.* Near Bath, 
the Landscape Marble "Occurs at the base of the White Lias ; but 
beds of similar texture _occur at other horizons in that division. 

At Aust Cliff we find thin beds of the Lower Lias, mostly 
inaccessible, capping the RhaJtic Beds.f It is remarkable that 
here the uppermost band of the RhaBiic Beds, is a stone that 
resembles the Gotham Marble iti texture, and judging by the 
section at Garden Gliff, it is on the horizon of the Monotis-heid 
of tliat locality. It rests on bluish-grey marls and marly lime- 
stones, 8 ft. 6 in. thick, that represent the White Lias, as do 
similar beds at Penarth and other places. The JEstheria-hed of 
Garden Gliff, is an irregular limestone that occurs near the base of 
the marly beds of White Lias; and it exhibits arborescent 
markings. 

The Lower Lias consists of even-bedded limestones and clays, 
with Lima giganiea, and at the base thin slialy marl with Ostrea 
liassica, Pleiirojnyay and Avicula cygnipes. These beds belong 
to the zone of Ammonites planorbis, and Dr. Wright thought the 
zone of A, angvlatus was also represented at this locality. 

West of Londonderry, to the north of Keynsham. we find 
about 25 feet of limestones and clays with Ammonites Buchlandi, 
overlying thinner beds of limesftone and brown clay. Among the 
fossils found were A. angvlatus, A, Joluistoni, A. semicostatus 1 
Cardijiia, GryphcBa arcuata, Lima gigantea (large and small), 
Pholadomga glabra^ Pleurwuya costata, Unicardium cardioiijlesy 
Rhynchonelltty and Waldheimia perforata. The species were 
identified by Messrs. Sharman and Newton. 

In the cutting of the Midland Railway near Willsbridge, the 
Lias and Rhaatic Beds are faulted against the Pennant Grit 
The section shows 25 beds of Lower Lias limestone, with inter- 
vening layers of marl, containing Lima gigantea^ Nautilus, Am- 
monites Bucklandi, A, planorhis, &c.J A curious nodule termed 
a " Peg-top ** by the workmen, was obtained by Major Bonus, 
R.E., from the Lower Lias in this railway-cutting, and is now in 
the Museum at Jermvn Street. 

Northwards, the Lower Lias fonns a broad vale from Doynton 
by Pucklechurcli to Havvkesbury and Wot ton-under- Edge. This 
is essentially a clayey tract with few sections, probably because 
the Lias limestones are feebly developed, as is the case in the vale 
of Gloucester further north. 

The Lower Lias and the Rhaetic Beds here rest in places 
directly on the Carboniferous Limestone, which comes to the 
surface at the " Grammar Rock," north-west of Lansdown, at 
the ^* Wick Rocks," and again to the west of Codrington Court. 



♦ H. B. Woodward, Quart. Journ. Geol. Soc, vol.xlvii. p. 549; Geol. Mag., 1892, 
p. 333. 

t See section by Bristow and Etheridge, Vertical Sections, Sheet 46, No. 6. 
J See Moore, Quart. Journ. Geol. Soc, vol. xxiii. p. 498. 



I.OWER LIA8: PURTON PASSAGE. 139 

Clays with bands of chert)' limestone were noted by Weaver at 
Inglestone (Ingatestone) Common between Wickwar and 
Hawkesbury Upton ; and there Ammonites, Gri/phcea, Lima, and 
Ostrea were obtained.* 

At Tites Point, Purton (or Pyrton) Passage, there were 
formerly some good exposures of the Lower Lias limestones 
alternating with clays and marls. Tlie beds were rich in fossils 
a^d attracted attention at a very early date, for they are mentioned 
by J. Woodward in 1706.t The fossil-beds were exposed in 
ledges at ebb-tide along the Severn shore ; and the beds abutted 
against the Silurian rocks, for WeaverJ mentions (1819) that the 
actual contact of the older rocks with the Lias was observable 
^ at low water, at the landing place immediately under the 
Passage-house.*' Twenty years later, the Lias was no longer 
Tidible, for as pointed out by Murchi8on,§ the process of encou* 
raging the mud of the Severn to accumulate upon lines of pile and 
osier> effectually buried the Liassic ledges beneath a slimy 
sediment 

The limestone appears to have occurred in impersistent, and 
more or less nddular masses, and among the fossils recorded are 
Ammonites Bucklandi, Nautilus, Belemnites, JPleurotamaria 
anglica, Gryphcsoy Lima^ Pentacrinusy &c., representing in the 
maui the zone of Am. Bucklandi, Probably beds both at lower 
and higher horizons were exposed, for Hippopodium pojiderosum 
has been mentioned ; a form that usually occurs at a higher stage 
in the neighbourhood of Cheltenham. 

The Bev. P. B. Brodie, who has given some account of the 
beds,]] obtained among other fossils a specimen of Involutina 
.Hassica, a Foraminifer, in form like a Nummulite.^ 

A little way inland there was a section exposing bluish-grey 
sbales and nodular grey limestones from which I obtained 
Ammatiites anffulatus, A, Bucklandi, Gryphcea arcuata, and Lima 
gigantecu, 

FrethernCy Westbury^on- Severn , and Stroud. 

For some distance between Purton Passage and Tewkesbury, 
the SSevern takes a -winding course that roughly follows the 
strike of the Lower Lias. 

At Hock Crib, Fretherne, the Lower Lius is exposed in the 
low cliffs bordering the river. The beds are a little disturbed, 
as they undulate and are slightly displaced at one point The 
section was described in 1853 by the Rev. P. B. Brodie,** and in 
more detail, in 1883, by Mr. W. C. Lucy.ft 

The beds comprise about 40 feet of clays or shales with "^bout 
10 bands of limestone ; the latter forming ledges and platform, on 

♦ TranB. Geol. Soc, ser. 2, vol. i. p. 350. 

t Nat. Hist., Foss, England, vol. i. part 2, p. 80 ; Tol. ii. pp. 8, 26. 
t Trans. Geol. Soc, ser. 2, vol. i. p. 330. 
§ Silarian System, p. 450. 

II Proc. Cotteswold Club, vol. i. p. 248, and Geologist, toI. i. p. "^2 ; see also 
J. Jones, Proc. Cotteswold Club, vol. iii. p. 134. 
^ T. R. Jones, Geol. Mag. 1864, p. 193. 
** Proc. Cotteswold Club, vol. i. p. 241. 
tt Ihid., Tol. viii. p. 131. 
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the foreshore, and protruding some way in places beneath the 
Alluvial mud of the Severn. It was observed by George 
Camberland in 1822, that " We can walk at low-water on the blue 
lias of Fretheroey to ihe extent of half a mile, as on an extensive 
level floor, and there see enormous ammonites under our feet, 
some exceeding four feet in diameter/'* The beds are no longer 
exposed to this extent, but, as at Llantwit in Glamorganshire, 
we can observe the clusters of fossils here and there on the 
Liassic pavements: Pecten textorius, Avicula cygnipesy Lima 
ffiffantea, and Pentacrinus occurring abundantly in portions of the 
rock, which elsewhere appear unfossiliferous. 

The most noteworthy fossils of Fretheme are the ChrypfuBcu 
(G. arcuata). They occur in profusion here and there in the 
shales and limestones, and I have nowhere seen finer examples. 
They may be found at all horizons in the cliff-section, but are 
most abundant in the lower beds, and especially in a band of 
shale, above which I obtained a small example of Ammonites 
angulatus. The beds belong to the zones of A, angulatus and A. 
Bucklandi, and perhaps include higher stages, for Mr. Lucy 
records A, semicostatus, and I obtained a specimen of A. obtusus. 
Judging by these fossils the thickness of the zone of A. Bueklandt 
is not above 20 feet. It is noteworthy, however, that A, Bueklandt 
and A. semicostatus occur together about mid-way up in the beds 
exposed ; and Mr. Lucy notes A. Conyhearei together with A. 
Johnstoni^ Avicula eygnipes, etc., in a band near the base of the 
cliffs. Many other fossils have been recorded by Messrs. Brodie 
and Lucy, including the Involutina, Q,ho Discina babeana {Orbicukt 
Townshendi), spines of Cidaris, vertebrae of Ichthyosaurus^ &at 

In an account of the Geology of Awre, published in 1830, the 
Kev. C. P. Wilton,J at that time curate of the parish, records 
many fossils Jrom the Blue Lias. These include Ammonites 
Bueklandt (3 feet in diameter), Lima giyantea, Avicula, Grypkcsa 
arcuata, Pentacrinites, &,c., together with bones of Saurians ; a 
group that indicates the zone of Ammonites Bucklandi, 

The basement-beds of the Lower Lias (zone of Ammonites 

planorbis) are shown in Garden Cliff, to the south of Westbury- 

on-Severn ; and according to E. Witchell the beds have been 

opened up at Elmore.§ At Garden Cliff the section of the beds 

is as followsll : — Ft. In. 

f Tumbled beds of grey earthy limestone and 
I clay, with Ostrea liassica, &c. 
Lower Lias -^ Compact blue and grey limestone, with 0. 

I liassica, Modiola minima, &c. - - 2 

L Brown marly shales - - -18 to 20 

RhsBtic Beds H'^'^''*^.'*!i*^^'"f *''"*' ^^''"^*'' ®'^^ ^ . 

\ Monotts decussata - - - - 6 



♦ Trans. Geol. Soc. ser. 2, vol. i. p. 370. 

f The list given in Hairs Geol. Cheltenham, p. 16, is n-rongly stated to be from 
the *' Bone Bed," and the occurrence of some of the species mentioned is exceedingly 
doubtful. 

I Quart. Journ. Sc. Lit. and Arts, N.S., 1830, p. 69. A shell (Leda) discovered 
by K. Ryder of Awre is here named Ryderia. 

§ Geology of Stroud, pp. 8, 9. See also Proc. Cotteswold Club, vol. iv. p. 56. 

Ij See also Bristow and Etheridge, Vertical Sections (Geol. Survey), Sheet 46, 
No. 7. 
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The Brown marly shales above the Manotis-hed are probably 
equivalent to similar shales that occur at the junction of the 
LK>wer Lias and Ehsetic Beds at Penarth. (See p. 119.) 

In the vale that extends eastward by Frocester and Stonehouse^ 
we find for the most part a clay -flat, but according to E. Witchell, 
the zone of Am, Bucklandi is represented near Eastington and 
Whitminster by clays, with bands of limestone that form low 
ridges.* 

Dark shales with bands of limestone are exposed in the banks 
of the Ship Canal north of Hardwicke, and again between Ilea 
and Syms Bridges, north of Quedgley, where the beds are bent 
into a gentle synclinal. At Hardwicke, according to Dr. Wright, 
we meet with the zone of ^. Tumeri (or A. semico status). 

Higher beds of clay have been opened up in some of the brick- 
yards between Stonehoase and Stroud, and exposed in the railway- 
cuttings. Ammonites orynotus has been found at Stonehouse, 
and pyritic ammonites, including A, densinodus and A, subplanicostuy 
belonging to the zone of A. armatusy have been found at Standish. 
Near the Gas-works at Stroud, clays representing the zones of 
A. Ibex and A. Henleyi have been noted by E. Witchell ; and 
Mr. Lucy informed me that the zone of A. Henleyi had been 
proved at Brookthrop (Brookthorpe). 

Gloucester and Cheltenham. 

In the neighourhood of Gloucester, the lowest beds of the Lias 
have been well exposed in the railway-cutting at Lassington. 
The section is as followsf : — 

Ft. In. 

Clays and shales, with three bands of nodular 
blue- hearted limestone : Ammonites Johri' 
stoni .... about 30 

Band of bluish-earthy limestone with A. 

planorbis - - - - - 4 

Marlv shales and limestones: Pleuromya 
Lower Lias crowcombeia . - . about 7 

(Zone of J Three bands of blue argillaceous limestone 
Am,pUuu)Tbis). anj shale, with Ostrea liassica and Modiola 

minima in bottom bed - - - 1 4 

Papery shales - - - - 3 

Hard* compact grey limestone, with blue 
shelly layer and conglomeratic fragments. 
Monotis decussata. Fish-remains. 
^ Otnzamites gracilis - - - 4 

RhsBtic Beds - ^ Dark shaly marls, etc. (faulted against the 

Keuper Marls). 

The basement-bed, here grouped with the Lower Lias, has in 
many respects a Khsetic aspect, the matrix being like Cothnm 
Marble in texture. It indicates however some change in con- 
ditions^ like the bottom bed of Lias noticed at Stormy Down near 
Bridgend, and the " Guinea Bed " of Warwickshire. It appears 



* Geol. Stroud, p. 16. 

I Bee also W. C. Lucy, Proc. Cotteswold Club, vol. viii. p. 22.'5. 
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to be a remani^ bed, and therefore to be grouped more appro* 
priately with the Lower Lias than the Khaetic Beds, suggesting 
slight unconformable overlap of the Lias. (See p. 151.) 

Nearer Gloucester, a cutting in the same railway, not far from 
the main road^ showed higher beds^ comprising clays, witli here 
and there a band of limestone, yielding Gn/ph(Ba arcuata, RhyH- 
chonella calctcosta, and bones of Ichthyosaurus. 

In tlie Ship Canal cast of Hempstead, blue and grey marly 
shales are exposed, while at the brickyard and adjoining gas- 
works on the south, blue micaceous clay with GryphxBa arcucUa 
has been exposed to a depth of 25 feet. In the old brickyard 
near Llantbony Priory, Gloucester, G. arcuata and varieties, were 
obtained by John Jones,* together with Ammonites sugi^esting the 
zone of ^. obtusus, Mr. Lucy records the finding of A, steUaris 
by the canal at Hempstead wharf, and also at Over, so that 
Gloucester appears to be situated on the zone of A. obtusus. More* 
over the evidence goes so prove that the series, upwards from the 
zone oi A. planorbis, contains no important mass of limestones. 

A boring for water, made in 1883, at Westgate Street, Glou^ 
cester, proved the following beds, which were recorded by Mr. 
Lucyt :— 





Thickness. 


Depth 




Ft. 


In. 


Ft. 


In 


Made ground and fj^ravel 


\(y 





16 







Hard and soft blue and grey clay 


154 





170 







Very hard stone 


5 





175 







Clay . - - . 


2 





177 







Stone - - - - 


1 


6 


17S 


6 




Clay and shale, v;ith shells and 












pyrites ... 


4S 


6 


227 







Stone with Ammonites, Pecten, 












and Gryphpa arcuata 





3 


227 


3 




Blue clay with Gryphaa, &c. - 


36 


9 


264 







Shalv clay with Astarte, Ceri- 










thium, Avicula inaquicalvis^ 










Grypkeea . - - 


24 





288 





Lower Lias - ^ Clay ^nth Ammonites semi- 












costatus - - _ 


6 





294 







Grey clay - - . 


12 





3W? 







Grey stone ... 


2 


2 


308 


2 




Hard clay - . . 


?i 


10 


312 







Clay with Ammonites, Avicula^ 












Gryphtpa, and Lima - 


4 


6 


316 


6 




Clay with Am. semicostatiis. 












Gryph(ea ... 


12 


(I 


329 







Clay - - - - 


8 





337 







Clay with Cerithium, Pleuromya 


3 





340 







Hard clay i^ith Tornatella or 












Cylindrites - - - 


10 


6 


350 


6 



At Badgworth we find clays with nodular limestones, yielding 
Ammonites bisulcatns, Grypheea, &c ; and Dr. Wright notes tlie 
occurrence of beds representing the zone of A. TumerLX Occai* 



• Proc. Cotteswold Club, rol. iii., Supplement 4to. 

t Ibid.y vol. viii. p. 2 13. 

X Lias Ammonites (Fal. Soc), p. 47. 
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tii&aai bands of 'rubbly limestone occur in the clays at Upton St. 
LeoDards.* 

At the Cheltenham gas-works, north-west of the Great Western 
railway-station, a deep excavation was made in 1887, in bine 
marly clay. Here Mr. E. Weihered obtained many specimens 
of Gryp/uBa ohliquata, G. ci/mbiurn^ and varieties not to be 
distiDguishcd from G, arcvata, also small specimens of Hip' 
popodium ponderosum, Ammonites guibaliannSy and A, Green- 
amghL 

; Dn Wrigiit remarked that A, armatus and A, oxynotus occur 
together at Cheltenham. We find a somewhat similar assemblage 
at Hill Moreton, near Rugby. A list of fossils, indicating beds 
belonging to the zones of A, oxt/notus to A. Hcnleyi, has been 

S'ven . from the blue calcareous clay in the railway-cutting of 
enbury Hill, Chelt^nhamt ; but the list requires revision* ^ 

At Hucklccote brickyard south-west of Brockworth, we find 
about 10 feet of bluish-grey and brown marly clay with small 
nodnlrs of earthy limestone. From these beds I obtained Ammo- 
nUes siriatus, A, scipionianiis^ A. V aidant y Belemnites compressuiy 
-ff. hngissimusy Chemnitzia, Inoceramus, &c. The species were 
identified by Messrs. Sharman and Newton. 

Dr. Wright notes that, in an excavation made at Marie Hill, 

north of Cheltenham, for brickearth, the following section was 

obtained j: : — 

Ft. In. Ft. In. 

Gryphspa-bed, ferruginous clay with 

G. obliquata - - - - :^ to 4 

Coral-band, clay with Montlivaltia rugosa - 1 

Hippopodium-bed, dark clay with Hip- 

r T • J popodium ponderosum and Cnrdinia 

Lower L.as -^ '^^^^. . ^ . . . -8 OtolO 

Ammonite-bed, dark clay with pyritic 
fossils, Ammonites subplanicostn, A. den- 
ginodus, A. raricostatu^, A. nodotianus, 

L &c. 

At CJoeve, near Cheltenham, the same beds were formerly 
worked for brickearth; and Dr. Wright mentions tliat there the 
finest specimens of Cardinia Listen, Hippopodium jfondei-osumy 
'Fleurotomaria anglica and Ammonites raricostatus wcru obtained. 

The Rev. T. W. Norwood (now of Wrenbury) informed me he 
had obtained Ammonites Jamesoni from excavations at the Old 
Royml Wells and New Ladies' College at Cheltenham. At the 
Hucklecote brickyard rolled specimens of this specie?, /fee, occur 
in the gravel on tcp of the clay. 

Again at Cranham Pottery about 12 or 15 feet of blue 

micaceous clay, containing a few ferrugihous nodules, has been 

-exposed. There I obtained specimens of Ammonites striatus 

and A. Jamesoni ? Flower-pots, pan^, drain-pipe?, jugs, &c. are 

manufactured at this pottery, which dates back to the time of 

•Queen Elizabeth, if not earlier. 

♦ Hull, Geol. Cheltenham (Mem. Geol. Survey, Sheet 44), p. 15. 

t 76 ic/., p. 17. 

X Lias Ammonites, p. T^^), 
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Beds on much the same horizon, together with higher stiatay 
occur at Filford, near Leckhampton, where the brickyard showed 
blue and brown loamy clays, with a band of ironstone nodules, 
yielding AmmoniteSy Avicula incBguivalms, Pecten iBquivalm^y 
Pholadomyay and Pleuromya, These beds rest on blue pyritic 
and micaceous sandy clays^ with iridescent fossils. Prof. Tate 
records from this locality. Ammonites armatus^ A. Jamesoni, 
A. Valdani, A. Ibex, A. Henleyi, Belemnites clavatus, Inoceramus 
ventrtcosus, Waldheimia numismalisy &c.* ; the fauna resembling 
that from Aston Magna, and including the zones of A. Jamescni 
and A. Henleyi. 

From the brickyard east of Cheltenham^ I obtained AmmonUe$ 
Jamesoniy A, Loscombei, A, striatus, A, Valdani, Belemnites, and 
Inoceramus rentricosus ; fossils that indicate portions of the same 
zones as occur at Pilf ord. 

Ammonites striatus (near to A, Henleyi) has been found abun- 
dantly in pits near Charlton Kings, as mentioned by Murchison^ 
who originally figured the species under the name of ^. ckeltiensis. 
It occurs also in the brickyard north-east of Shackels Pike, and 
near Hewlets.t In this neigbourhood rugose forms of Hippopo- 
dium ponderosum have been founds together with A. Henleyi or A, 
striatus. 

Prof. Hull notes the occurrence of ferruginous concretionary 
nodules, so characteristic of the upper beds of the Lower Lias, in 
brickyards at Hewlets Hill and in the lane leading from Heartly 
Hill to Charlton Kings.} 

Teickesbury to Per shore. 

The basement-beds of the Lower Lias have been exposed io 
quarries in the neighbourhood of Tewkesbury^ where the lime- 
stones are more prominently developed than further south in the 
Vale of Gloucester. 

Here we come into the region of the ^^ Insect Limestones " of 
the Rev. P. B. Brodie,§ a term applied to certain bands of lime- 
stone that occur at or near the base of the Lower Lias or che top 
of the Rhaetic Beds, on the bowlers of Gloucestershire, Worcester- 
shire, and Warwickshire. 

The characteristic beds, which are now best shown between 
Evesham and Wilmcote, are banded limestones that split up more 
or less readily alotig the planes of stratification, and frequently 
display remains of Insects (chiefly Coleoptera), and Crustacea 
belonging to the genus Bryony &c. These beds clearly occur in 
the Lower Lias (zone <Jf Ammonites planorbis), and usually above 



* Quart. Joom. Geol. Soc., yol. xx^i. p. 396. 

t Murchison, Geology of Cheltenham, 1834, pp. 19, 20; Strickland, Ttans. GeoL 
Soc., Ber. 2, vol. vi. p. 552, and Memoiw, p. 139 ; Brodic and Buckman, Quart. 
Joom. Geol. Soc, vol. i. p. 220 ; Tate, Ibid., vol. xxxi. p. 508. 

X Geol, Cheltenham (Geol. Survey), p. IS. 

I Proc. Geol. Soc., vol. iv. 1842, p. 15 ; Fossil Insectf*, pp. 56, &c. ; and Geoloffbt. 
vol.i. p. 375. * ' 
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one or more bands of limestone {Osfrea-hed^) that yield many 
specimens of Ostrea liassica. 

The term " Insect Limestone " has however l)een applied 
indiscriminately, to beds that have yielded renmins of Insects, and 
some of the beds evidently belong to the Rhastic series. 

Among the localities where these Insect Limestones have been 
noted by Mr. Brodie, and by W. B. Binfield, Strickland, and 
others, are Hasfield, Wainlode Cliff, Apperley (the Grey hill), 
Forthampton, and Ktrensham ; but the quarries are now mostly 
abandoned. 

As no good section of the beds at Strensham is now exposed, it 
uill be best to record that given by Buokman, Strickland, and 
Brodie.* It was one of the quarries opened near the escarp- 
ment, about two miles from Defford Station, and 4 or 5 miles 
north of Tewkesbury : — 



fSoil and clay . - - - 

Chance Rub. White limestone - 

CltLj y with Ammonites planorbis 

Double Nurf. Two bands of limestone 
with clay-parting. Saurian remains 

Bluish clay . - . - - 

King's Nurf. Rough argillaceous limestone 
with Ostrea liassica (Ostrea Bed) - 

Black clay ..... 

Queen's Nurf. Rough argillaceous lime- 
stone . - - . - 

Blue clay . . - . - 

Hard blue limestone with Modiola minima - 

Paving Stone, 3 in. divided by clay 1 in. 
with 0. liassica and M. minima 

Black shale, with Fish-scales, CidariSy and 
bivalves - - - - . 

Brick Bed. Square blocks of hard stone, 
used for walls .... 

Shale . - - - . 

"Bottom Bed, Insect Limestone, gene- 
rally blue, and very hard fine-grained, 
fissile limestone . . - - 

Blue shale • . . . . 

Soft light blue limestone, with casts of ^rca, 
Cardium, &c. - - . - 



Lower Lias - 



i 



Rhastic Beds 



Ft. 


In. 


4 








4 


2 








6 


3 








3 


3 








3 





3 





6 



4 



6 











1 



5 
3 



6 
3 



I 



4 
17 8 



The term Bottom Bed is applied to the lowest bed of economic 
▼aliie. 

When we compare this section with the beds of Wilmcoie 
and other places north-east of Evesham, we cannot doubt that the 
Insect Limestones are on different horizons. Here at Strensham, 
and also at Coomb Hill and Wainlode, the Insect Limestone 
comes beneath the O^^r^a-beds, and so far as can be judged from 
the succession of the strata, subject as they are to local modifi- 



* MurcbiiOD, Geol. Cheltenham, new ed. by J. Bnckman and H. E. Strickland, 
p. 49 ; Brodie, History of Fossil InsectP, p. 70. 

R 70S59. K 
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East. 



cations, the bands at these 'localities belong ratlier to tlie Khietic 
Beds tlian to the Lower Lias. The Mouotis-bed of Garden Cliff 
appears to be on the snme stratigraphical iiorizon. 

Under tliese circumstances it is not desirable to adopt the name 
" Strensham Series," which was proposed by Prof. Judd for 
the ^' Fish and Insect Limestones " that occur at the base of the 
Lower Liae.* Nor did he include in the series tbe overlying 
beds witi) Ammonites planorbis and A, Johnstomy which form an 
essential part of the basement-beds of the Lower Lias at Stren- 
sham, Wilmcote, and other places. Were we, indeed, to employ 
the term " Strensham Series," we should include only a few bands 
of limestone, in some places of Lower Lias, in others of Bbastic 
age. 

The section of the upper part of Wainlode Cliff, described by 

Strickland and the Rev. P. B. Brodie, is as followsf : — 

Ft. In. 
f Tup beds (concealed). 

I Dark clay - - - - - 3 6 

Lower Lias -^ Blue limestone with Ostrea liassica and 

I Modiola minima - . - - 

LYellow Shale - 

{Insect Limestone, 
nated limestone 
Marly clay - 

The westerly extension of the Lias is marked by tlie small 
outlier on the summit of Berrow Hill, two miles south-east of 
Keys-End Hill, the southern end of the Malvern range. Here 
only the basement-beds of the Lower Lias are found, above the 
Khetic Beds, and they have been quarried for lime-burning. 

Remains of Ichthyosaurus and Plesiosaurus have been obtained 
from the quarries at Woolridge east of Hartpury, on Brockridge 
Common, Hill Croome, east of Boughton, nnrl on Defford 
Common. On this account the strata were called the " Saurian 

Fig. 51. 
Section at Croome Z/Abitot, near Pershore, Worcestershire, 





Oft. 6m. to 1 
Grey and brown lami- 

- 

- 5 



4 


5 
3 



Wwt. 




c. Drift. Beddish-brown sandj clay witb pebbles of quarts, &c. 
h. Qrey marly clay, with thin bands of limestone (disturbed) If y . 

a. Limestones and shales. / ^^®' ^^^• 

Depth of sectioD, about 8 feet. 



* Greol. Rutland, &c. (Mem. Geo\. Survey, Sheet 64), p. 58. 
t Strickland, Proc. Geol. Soo., voLiy. p. 18; Murchison, Geol. Cheltenham^ ed.2, 
p. 48 ; Brodie, Fossil Insects, p. 57 ; Wnght, Lias Ammonites, p. 18. 
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Beds " by J. Buckman and Strickland. Among other fossils are 
Fish-remains, Dapedius orbis. Crustaceans of the genus EryoUy 
and Plant-remains, such as Otozamites. Specimens of Ammonites 
Johnstani are known to the quarrymen as " clock-faces," and 
this species is more common than A, planorbis. Pleuramya 
craweombeia is also found in places. The best section that I saw, 
daring mj examination of this part of the country, was at a 
lime-kiln north of Croome D'Abitot. It was as follows (see Fisr. 
51):- 

Brown soil, and contorted rubble of limestone 

{Grey clay with thin bands of limestone 
Blue limestone with Ostrea liassica and 
Modiola - - - . . 

Clay with band of bluish-grey limestone 
" Hard blue and rather compact limestone 
Shaly clay - - - - . 

Pale f(rey earthy limestone " Bottom Bed," 
with Cardium rlueticum - - - 4 

The limestones above the Bottom Bed are used for building- 
and paving- purposes ; the Bottom Bed and the '^ rubbish " are 
burnt for ume. Comparing this section with that at Strensliam, 
we find a general correspondence in the lower beds. The strata at 
the time or my visit were exposed along a quarry -face extending 
East and West. The soil was a reddish-brown sandy day with 
quartz and other pebbles, and the top limestone-bands were 
nipped up and broken along the successive folds, as if by Glacial 
agency. The soil was evidently in part the relics of a Drift accu- 
mulation. The disturbances are similar to those seen in a quarry 
near Littleton, Evesham, and probably like the contorted beds (of 
ShsBtic limestone) noted by Strickland in the railway-cutting at 
Dunhamnetead. 

Strickland published, in 1840, accounts of the railway-cuttings 
between Ashchurch and Dunhampstead, and as early as 1834 he 
had mapped out the boundary of the Lower Lias in Worcester- 
shire.* His observations led him to the conclusion that there 
were at least five well-marked successions in the MoUuscan fauna 
of the Lias, in the district extending from the Worcestershire 
borders to Cheltenham, ranging through a thickness of five or six 
hundred feet, and unaccompanied by any change in the mineral 
character of the deposit, f 

Higher beds of Lower Lias belonging to the zones of Ammonites 
dngtdatus and A. Bucklandi stretch across the country from Down 
Hatherly towards Stoke Orchard. At Fifth's Elm, Boddington, 
limestones were formerly quarried, and there Lima gigantea and 
CardiniQ ovalis were met with4 

The region from Cheltenham northwards along the borders 
of Worcestershire and Warwick&bire, is especially rich in species 
of Cardinia, and it appears likewise to have been the favoured 

• Nat. Hist, of Worcestershire, by Dr. C. Hastings, 1834. 

t Proc. Ueol. See./ vol. iii. p. 314 ; Trans. Geol. Soc., vol. vi. p. 551 ; Memoirs, 
p. 187. 
t Brodie, Geologist, vol. i. p. 375. 

K 2 
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home o( Hippopodium ponderosum. Numerous specimens oi Car- 
dinia Listen have been found at Down Hatherley, Defibrd, and 
Eokington, and H, ponderosum is recorded trom the neighbourhood 
of Bredon and Great Comberton. 

The fossils obtained by Strickland at Bredon, indicate the 
zones of A. semicostatus and A, obtusus, for he records A. Tumeri, 
A. Bro^keiy A. Birchii, A, obtusus, and A, planieosta, also 
Bhyncholite8, and fine examples of Pleurotomaricu Beds with 
4, obtusus have also been opened up on the west bank of the 
river Isbome, near Toddington, and at the reservoir near Childs 
Wickham. 

A brickyard between Defford and Besford, north of the main 
roady showed about 15 feet of blue calcareous shale with smaU 
nodules of limestone and selenite. Here under the guidance of 
Mr. T. J. Slatter, I obtained Ammonites semicostatus (near the 
base), ActiBonina, Amberleya, Cerithium, Turritella Dunkeri, 
PiUmniUus, Aviculoy Astarte^ Cardinia Listeri and var. hybrida, 
Giyphcea cymbium^ Rhynchonella, Acrosalenia, and spines of 
Echinoderms. These species were identified by Messrs. Sharman 
and Newton. Strickland discovered remains of Aptychi at 
Defford.* 

At Drake's Broughton, north-west of Pershore, a large number 
of fos;5il8 have been obtained by Mr. T. J. Slatter, of Eve8ham.t 
The precise locality is a brick- and tile- yard west of Pigeon 
House, where there was exposed about 10 feet of grey shaly clay, 
with small limestone-nodules and larger red ironstone«npdules. 
The assemblage of fossils is an interesting one ; it appears to 
represent the zone of Ammonites oxynotus, although it includes 
species that elsewhere occur both at higher and lower levels. 
Among the fossils recorded are the following ; — 

X Ammonites Birchii. x Belemnites acutus. 
Loscombei. , X Cardinia h^brida. 

nodotianuB. crassissima. 

X oxynotus. | X Hippopodium ponderosum. 

Simpsoni. Leda Zieteni. 

X Slatteri. x Rhynchonella variabilis, i 



A number of Gasteropods, including species of Cerithium, 
ActcBoninay &C.9 also Dentaliumy have been found at this locality. 

Of the species marked x , examples were found during a visit 
I paid to the pit under the guidance of Mr. Slatter: they were 
named by Messrs. Sharman and Newton. 

At the Atlas Works by Pershore Station, bricks are made, 
nnd the section showed a few feet of blue shaly and slightly 
calcareous clay, with occasional nodules of argillaceous limestone 
nnd ironstone. The beds are probably on a somewhat higher 
horizon than those exposed at Drake's Broughton ; but fossils are 



* Quart. Joorn. Qeol. Soc., vol. i. p. 232, and Memoirs, p. 181. 
t Wright, Lias Ammonites, p. 875. 
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not plentiful. I obtained Ammonites Jamesoni, BelemnilcSy Gry* 
phiBa cymbivniy G. arcuatUy aad Hipjwpodium piniderosum. 

Near Didcot Farm, north of Dumbleton Hill, a brickyard 
Bhowed blue and brown marly clayd, with many hard reddish 
ironstone-nodules and grey cement-nodules, layers of shelly lime- 
stone and thin shaly limestone. Among the fossils obtained were 
AmmonUes striatus, A, rapricomus, Inoceramits ventricosus, 
Modiola tcalprum, PecteUy Pholadomya ambigua, Pleuromya 
cosiata, and Unicardium cardwides* The beds represent the 
highest stage of the Lower Lias (zone of Am. capricomns). 



♦ See alfo Wright, Proc. Cotte«wold Club, vol. iii. p. 153. 



150 LIAS OF ENGLAND AND WALES: 



CHAPTER VI. 
LOWER LIAS— (continued). 

Local Details. 

Evesham to Stratford-on-Avon, the Vale of Moreton, Chipping 

Nortoiiy and Charlbury. 

In the neighbourhood of Evesham the basement-beds of the 
Lower Lias occur near the surface at Hasler Hill, to the 
W.S.W. of the town, where stone was formerly quarried. A 
boring for coal by Hasler Farm, proved 75 feet of Lower Lias 
and Rhaetic Beds, before the New Red Marl was reached.* 

In the country north-east of Evesham, from South Littleton to 
Wilmcote, we find many sections of the basement-beds, which 
consist mainly of even beds of blue limestone and marl or dark shale. 
The shallow quarries now open near South Littleton and Cleeve 
Prior, to which I was conducted by ilr. R. F. Tomes, show only 
the bands of limestone (to a depth of 8 or 10 feet) that are used 
locally for building- and paving-purposes : we do not see the 
junction with the Rhsetic Beds. At South Littleton the surface- 
beds were nipped up in a series of sharp folds as at Croome 
D'Abitot (p. 146). 

At Cleeve Prior we find slabs (8 by 5 feet) with many sped- 
mens of Ostrea liassica, like the " Firestone " of Binton. Among 
other fossils are bones of Ichthyosaurus, also Lima, Pleuromyay 
species of Echini, &c. Banded limestone (Insect Limestone) 
yielding Ammonites Johnstoni wji» exposed in the Nibble quarry, 
cast of Cleeve Prior.t 

The thickness of the limestone-beds (zone of Am. planarbis) in 
this area is about 20 feet, for Strickland notes 34 feet of strata 
(including 14 feet of clay on top) down ro the Firestone, at 
Bickmarsh, east of Cleeve Prior. % 

Sections, no longer well exposed, at Bidford, Binton, and Temple 
Grafton, have been described by Mr. R. F. Tomes and others. 
That at Binton is most important as it showed the connexion with 
the Rhaetic Beds : the following account of it is by Mr» Tomes : — § 



* Memoirs of H. E. StricklaDd, p. S8. 
t See Tomes, Geol. Mag. 1888» p. 212. 
X Memoirs, p. cc. 

§ Quart. Joum. Geol. Soc, vol. xvi. p. 394, xxxW. p. 182 ; Wright, lias Am- 
monites, p. 19 ; and Brodie, Proc. Warwickshire Field Club, 1868. 
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Pavino-bbd8» finely laminated stone and shale. Ammonites 
Jokn$tom, Insects, Eryon bearrovensis, Pholddophorus 
Strieklandi ...... 

Grikslby [or Grizzle] bed, composed of comminuted 
shells (Lima and Ostrea liassica), fish-scales, saurian bones, 
Cidaris, Pentacrinus, A, Johnstoiii ... 

Blub Stone. Saurian remains rare. Insects 

Stone (unfossiliferous) ..... 

Grave-stone bed. Saurian remains, OtozmwUes acuminatusj 
Erycn barrovensis ..... 

Shale ....... 

Pbndlbs, hard crystalline stone. Ostrea liassica abundant 

Firestone, hard crystalline and shelly stone. A, Johnstotd, 
Placunopsis alpina, Ostrea liassica abundant, Modiola 
minima, Pkolaaomya, Otozamites obtusus, Ac. 

Stone, impersistent ..... 

Bottom blur htonb, impersistent. Monotis decussata [or 
fallax ?]- 

Shale ....... 

Guinba-brd, hard and crystalline* so called because the 
stones, if dry, rinf^ when struck. Avicula cygnipes 
{Umgicostata)i Monotis decussaia [?], Cardinia,0. liassica, 
0, intusstriata, Placunopsis alpina. Annus, Sargodon tomi- 
cus, Hemipedina Tomesi, TheoosmUia Terquemi, &c. 

Greenish-grey clay .----. 

Maum 8 or ' white lumps,' in all respects like the Estheria' 
bed of Westbury-on« Severn .... 

Clay of a greenish colour. 



Ft. In. 



16 






















1 

7 
6 

5 
'6 
1 



8 
I 

1 

3 



I 

8 








8 



Particular interest is attached to the " Guinea Bed, " which 
wa« grouped, by Mr. Tomes, with the Rhastic Beds. I was 
unable to see it anywhere in situ, but there are two slabs in the 
Warwick Museum. One of these, a grey earthy and fossiliferous 
limestone with fissile csip, yielding Hemipediiia Tomesi, was from 
Binton ; and the other a grey shelly limestone, 2 to 2^ inches 
thick, and covered with Ostrea liassica, was from Wilmcote. Both 
spedmens presented a Liassic rather than a Bhastic appearance. 
The fossils however that nre recorded by Mr. Tomes from this bed 
at Binton, indicate an association of Bhsetic and Lower Lias fossils ; 
and as he tells roe that the bed is sometimes conglomeratic, it 
seems likely that the fossils may be to some extent remani6. 

A study of the Bhsetic Beds leads to the conclusion that we are 
not far from a local margin of the deposit There is a development 
of sandy beds, the black shales are very thin in places, and near 
Church Lawford they are absent ; again, the White Lias north of 
Harbury is somewhat sandy, it shows current-bedding and ripple- 
marks, and is itself occasionally nodular, like the beds at Pinhay 
Bay near Lyme Begis. It is not improbable therefore that there 
was some irregular overlap of the Kh»tic Bede>, accompanied by 
re-construction of some layers, during the changing conditions 
that ushered in the Lower Lias. (See p. 141.) 

The occurrence in the Guinea Bed of Binton, of Avicula cygnipes 
and Hemipedina Tomesi is strongly indicative of Lower Lias ; 
moreover Dr. Wright records Lima punctata from the same bed. 
The Monotis be identifies as Af. fallax. Fleuromya crowcombeia 
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(noted by Wright) occurs in both llhsetic Beds and Lower Lia^. 
Of other species, Sargodon tamicus appears to be the only 
exclusively Rhsetic fossil : nowhere else have we any record o( 
its occurrence above the Black {Amcula^contorta) shales. Hence, 
regarding some of the fossils ns ** derived " specimens, the 
evidence favours the view that the Guinea Bed, at this locality, 
is the base of the Lower Lias, a position assigned to it by 
Wright, and also by Phillips.* 

A section at Temple Grafton showed the higher beds of the 
zone of Ammonites planorbisy with Insect-limestones and Ostrea- 
bedn below.t 

The Lower Lias has been extensively quarried between Wilm- 
cote and Newnham, to the north-west of Stratford-upon-Avon. 
The beds exposed, in 1889, in a quarry north-west of Gipsey (or 
Stone) Hall, Wilmcote, were as follows : — 



Lower Lias. 
Zone of 
Am, 
planorbis. 



< 






Soil, with flints, &c. - 
( Grey and blue clay - - - . 

Rusty clay - - - - . 

Clay and limestone-shale ... 
Top Blocks. Pale earthy limestone 
Marly shale • . - . . 

Bottom Blocks. Pale blue-hearted earthy and 

banded lunestone. Ammonites Johnstoni - 
Marly shales with iropersistent layer of limestone 

Lima gigantea, Beds used for lime - • 

Fine Goursk. Thin greyish-brown earthy limestone 
Marly shale ..... 
WnrrKS. Hard blue-hearted limestone. Used for 

wall-stone and building-purposes - 
Marly shale. Saurian remains 
B1B8 or Bottom Rock. Hard blue-hearted banded 

limestone, used for building.purposes 
Blue and brown marly shales ; the upper part more 

calcareous, and used for cement-making 
Marly limestone, hard blue limestones, and com 

minuted shelly layers. Cement Dirt; Lignite 

Fish-remains .... 

Cbmbnt Beds. Thick Bock. Blue earthy lime 

stones (2 beds) with Plant-remains - 
Pbndlbs. Limestone-shales, used for Lump lime 
Firestone. Ostrea-bed. Hard blue shelly limestone, 

with Ostrea liassica. Used for Lump lime - 
Earthy limestone and shale. 



Ft. In. 



1 





10 





1 





5 








6 


3 








8 


2 


6 





2 


1 


3 





5 


1 


A 



4 
7 



1 6 



1 
5 



7 
6 



3 



The higher beds of marly shale and leathery limestone-shale 
are discarded. The Top and Bottom Blocks are of no use for 
building, as they do not stand the weather. 

At Wilmcote the layers on the whole are even-bedded. The 
banded beds are usually Insect Limestones, and they yield 
Ammonites planorbis, A. Johnstoni, Glyphea Heeriy Eryon barro- 
vensisj and E. wilmcotensis. Pholidophorus Stricklandi is also 
recorded, and I obtained a specimen of Ammonites rotiformisi 
and the bone of a Plesiosaurus, 



• Geol. Oxford, p. 112. 

t Tomes, Quart, Journ, Geol. Soc., vol. xxxiv. p. 184. 
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According to Dr. Wright, the Firestone consists of 3 beds, 
I ft 2 in. thick, below which were 1 ft of hard dark slaty shale, 
and then '^the Guinea-bed," which he describes as a hard shelly 
limeBtone I inch thick ; this rests on the Rhsetic Beds.* The 
section which I have noted, wns not exposed to a depth sufficient 
to show the beds beneath the Firestone; but a specimen of pale 
limestone with Estheria (in the Warwick Museum)^ was obtained 
at a depth of 4 feet below the Firestone. The details evidently 
vary a good deal, and it is by no means clear that the local names 
implied by the quarrymen, can be depended upon for correlation 
of particular beds in the different quarries ; nor is it clear that 
the ^ Guinea-bed " is always on the siime horizon, for in the 
section at Wilnicote the bed so-called, may represent the top band 
of the RhsBtic Beds. 

Outliers of Lower Lias occur south-west of Wootton Wawen, 
and south of Morton Bagot, near Henley-in-Arden. The Rev. 
P. B. Brodie has noticed Insect Limestone at Brown'8 Wood and 
Stooper's Wood, and mentions that the '' Firestones " and ''Guinea- 
bed *' were formerly worked in the district 

An outlier more distant, between 10 and 11 miles from the 
main mass, occurs north of Knowle and south-west of Hampton- 
in-Arden. Attention was first called to this by Dr. Lloyd of 
Leamington. The stone was worked by means of shafts at 
Waterfield Farm and on Copt Heath.f Mr. Brodie has found 
Insect Limestones, and mentions that the Firestones and Guinea- 
bed were obtained from the old workings. No beds higher than 
the nme of Ammonites planorbis have been found, and Mr. Brodie 
notes this species, together with Ostrea liassica, Minliola minima^ 
Lima punctata^ spines of Odaris^ Fish-scales, and bones of 
IchthyowLurus.X 

The higher beds of the Lower Lias near Evesham, consist 
mostly of clay, with occasional bands of limestone; and these 
include the zones of Ammonites angulatus^ A, Bucklandi, and A* 
semicostatus. 

Mr. T. J. Slatter informed me that the zone of A, angulatus 
was exposed in cuttings of the Midland railway, between Evesham 
and Hampton (Bengeworth station). Cardinia ovalis was abun- 
dant in places, and C. hybrida has also been found at Bengeworth. 
At a clay-pit (long since closed) east of Chadbury Farm, to 
the north of Evesham, the same beds were exposed. Fine 
specimens of Cardinia ovalis and Isastrcea Tomesi were obtained 
by Mr. Slatter. 

Mr. B. F. Tomes states that at Welford Hill near Stratford-on- 
Avon, IsastrcBa and '' Septastrcea " were associated with Ammon- 
ites angulatus and Cardinia ovalis ; and that A, angulatus occurs 
upwards, through the clays yielding A, semicostatus, to the top of 

* Qnart. Journ. G«ol. Soc, toI. zvi. p. 3S6 ; see also Brodie, Proc. Warwickshire 
Fldd Clob, 1S6S; and Phillips, Geol. Oxford, pp. 105, 109. 

t StricklaDd, Memoirs, p. 117. 

J Warwickihire Nat. Hist, and Arch. Soc. S9th Ann. Report, 1875 ; Qnart. Journ. 
Geol. Soo., vol. xxi. p. 159. 
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the zone in which A. planicosta and Hippopodium panderosum 
appear.* This is certainly an unusual i*ange for A, angulatus, 

Bengeworth brickyard at Evesham showed a fine section of 
about 25 feet of dark shaly and ferruginous clay, covered with 
gravel, &c. Here may be found Ammonites Charmassei, A. 
semicostatusy Pleurotomaria anglica, Avicula vKBquivalvis^ Cardinia 
Lister i var. hyhriduy Gryphcsa arcuata^ Ostrea Uassiea, Lucima 
limbatay Extracrinus, &c. The species were identified by 
Messrs. Sharman and Newton. 

Eastwards, at Bretforton^ the Lias was penetrated to a depth of 
300 feet in search of coaL (See p. 300.) 

At Sheekill's brickyard, Peb worth, we find about 8 feet of blue 
shaly clay, with small and large irregular nodules of argillaceous 
limestone, capped by brown clayey soil with Drift pebbles. The 
beds here are regarded, by Messrs. Tomes and Slatter, as the local 
zone of Ammonites sauzeanus, for that species is common : but 
it may be remarked that the forms approach closely to A. bisvl- 
catus. Among other fossils are A . semicostatus, Gryphmay MytiluSy 
and Montlivaltia. 

Along the railway towards Shipston-on-Stour we find occasional 
cuttings in blue clay. That by the high road between the town 
and Chipping Campden, yielded ^mmo^itY^f semicostatus, GrypluBa 
arcuattty and Pecten, The clay contains much selenite, and 
occasional bands and small nodules of limestone. 

Honeybourne brickyard, near the railway-station, showed about 
10 feet of blue shaly and slightly calcareous clay, with rusty bands, 
and irregular no<lules of limestone and ferruginous concretions. 
The clay was contorted in places, probably by QIacial action, as 
is the case with beds exposed at the surface north of this region. 
The fossils found here include: — 



AmmoDites bisulcatus. 

Brookei. 

•j" densinodiis. 

t raricostatus. 

Tumeri. 



Hippopodium ponderotum. 
Gryphsea. 
Lima. 
Mytilus. 
t Montlivaltia rugosa. 



The beds belong to the same horizon as those exposed at 
Marie Hill, Cheltenham. (Seep. 143.) Fine specimens of i%ttro- 
tomaria were obtained by Mr. J. Windoes from this locality. 
Ammonites raricostatus has been recorded from the neighbourhood 
of Ilmington, and Hippopodium panderosum from Todenham. 

The cutting on the Great VV^estem Railway at Aston Magna, 
revealed Lower Lias clay and shale containing Ammonites arma- 
tus, Belemnitesy Pleurotomaria anglica, Lcday Plicatkla spinosa, 
Spiriferina verrucosa, Waldheimia numismalisy and other fossils, 
forming an assemblage that may be parallelled with that obtained 
from the zones of Ammonites Jamesoni, &c., by Mr. Beesd^ at 
Fenny Compton. The beds at Aston Magna were describM by 



* Quart. Journ. Geol. Soc., vol. xzxiv. p. 179; gee a^ MooTe^i6ui. toI. 
p. 511. 

t Given on the authority of Mr. R. F. Tomes : the other species were Hamad by 
Messrs. Sharman and Newton. 
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Mr. Q. £• Gavey in 1853;* subsequently many fossild were 
obtained by Mr. T. J. Slatter^ and the species have been recorded 
by Prof. R Tace«t They include the following : — 

Ammonites annatus. I Hippopodium poDderosnm. 



fimbrifttua 

— -»- raricostatus (coll. J. Jones). 
Belemnites clavatus. 
— ^— eompvessus. 

umbilicatQs. 

AcUsonina marginata. 
Cerithium camertonense. 

Slatteri. 

Chenmitxia Blainvillei. 

-*— (?) liassica. 

FiTftlinna (Kilvertia) numismalis. 

Trochus Thetis. 

Tmbo admirandus. 

— cyolostoma (P). 

Anatina numismalis. 

Area Stricklandi. 

«— • numismalis. 

Astarte amalthei. 

Genrillia l»vis. 

Giyphsaa cymbium. 



Leda (aomninata) Zieteni. 

complanata. 

subovalis. 

Lima scabricula. 
Limea acuticosta. 
Modiola numismalis. 
Nucula cordata. 
Plicatula spinosa. 
Venus (C'eromya) bombax. 
Rh^nchonella variabilis, var. 
bidens. 

furcillata. 

Sp iriferina verrucosa. 
Waldheimia indentata. 

numismalis. 

Pentacrinus basaltiformis. 
Ditrupa etalensis. 
Serpula plicatilis. 
— ^ subpentagona. 



A full find interesting account of the railway-cuttings at the 
Miekleton Tunnel, near Chipping Campden, was published also 
in 1853 by Mr. Gavey.J The hill above Miekleton Tunnel 
rises to an elevation of 490 feet, and is formed of Lower Lias and 
Middle Lias shales and clays, overlaid by Marlstone and Drift. 
The Drift proved to be 76 feet thick, and consisted of loamy sand 
and gravel, and red clay with blocks of Marlstone. 

Beds of Lias shale upwards of 80 feet thick were exposed. 
The upper portions contained nodules and slabs of ironstone, and 
thin beds of sandstone, and these yielded a number of Echino- 
dennata, including Uraster Gavet/i, Trtppidastcr pectinatus, and 
Ophi&derma, together with Ammonites and other fossils. The 
general list published by Mr. Gavey shows that Middle and 
Lower Lias were exposed : and the beds correspond with those 
opened up in the railway-cutting near Chipping Norton. The 
foesilB just mentioned probably belong to the Middle Lias (zone 
of Ammonites margaritatus). The lower portions of the clays 
belong to the zone of A, capricornus (or A. Henley t)^ and 
probably to lower beds, as indicated by the presence of A, piam- 
casta, &c. Prof. Hull mentions the occurrence of Hippopodium 
ponderosum. Layers of crushed oysters were noticed by Mr. Gavey, 
also plant-remains and large pieces of carbonized wood. Of this 
lignite, he remarks that *' one piece was about 7 feet long, and 
more than 1 foot wide, but, being in a crushed state, it was only 
H inch thick ; it was converted into jet. Other pieces were of a 
dark brown colour, impregnated with iron-pyrites." 

A deep boring made at Miekleton Wood, near Chipping 
Gampden, for Mr. S. G. Hamilton, of Eiftsgate Court, has proved 

* Quart Joom. Geol. Soc, vol. ix. pp. 35, 36. 
t Ibid., vol. XXVI. pp. 396-399. 

X Quart. Joiini. Greol. Soc., vol. ix. pp. 29-33 ; tee also E. Hull, Geol. Chelten- 
\am, p. t7 ; ind Decade III., Geol. Survey. 
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a greater thickness of Lower Lias than is known elsewhere in 
this country. The boring, which wa^ commenced in the Middle 
Lias, was carried through the Lower Lias, and Rhietic Beds, into 
the Keuper Marls. It wn? originally undertaken with the object 
of finding water, and when no snpply was obtained, Mr. Hamilton 
resolved to continue the borins^ as a scientific enterprise ; but it 
was abandoned soon after the Keuper Marls were reached. The 
work was carried out by Messrs. Le Grand and Sutcliff (1890-92) 
and the following are the particulars of the strata passed 
through : — 



Middle Lias. 
280 feet. 



36 



9 
13 

3 
19 
13 

3 

5 






O 






- 179 280 



Section at Migklrton, Gloucestershire. 

[Old Dug Well, 45 feet ; the rest hored. Cores 8 inches to 
diameter.] 

Thickness 
Fr. In 

Marlstone : ferruginous earthy lime- 
stone, with Gardium, Modiola 
sealprum, and Pinna 
(Beds not noted : portion of old dug 

well) 
Hard bluish-green rock 
Loamy sand and stone 
Hard sand, with bands of stone 
Blue shale and clay 
Blue stone ... 
Brown rocky sand 

Hard blue marly clay, with nodular 
limestone, and iridescent shells: 
Ammonites JimhricUus^ Gardmm 
truncatum, Modiola acalprum, and 
Crustacean ... 
^ Hard blue marly day, with oocational 
nodules of limestone, and irides- 
cent shells : Ammoniies capri* 
comns, and Pleuromya cosiata 
Hard blue day, with bands of stone - 
Hard blue clay and shells : Ammoniies, 
Amberleya, Cryptttnia, Qryphtea 
arcuata,InoceramusveHtricosuSf and 
Unicardium P (crushed)- 
Limestone - • - - 

Hard black shaly clav ... 
Hard clay, with sheUs : Ammonites 

semieostatus at depth ef 870 - 
Limestone - - - 

Clay ,with shells - - - . 

Limestones, marly clay, and shells. 

Am, semieostatus at 920 and 977 - 76 
Limestones and marls with shells: 
Enorinite stem at 1000 ; blue lime- 
stone and dark shales at 1 073 
Limestones withilmfiiom/e« angulatns, 
A. Charmassei, and Bkynckonella 
calcicosta' .... 

Limestones and marls, with occasional 

shells - - - - 

Pale limestone - - - . 

Limestone .... 

Blue shaly limestonr with Cardinia 

and Lima - - . • 

(^Limestones, fireer cutting 



2 inches in 

. Dbpth. 
. Ft. In. 



45 

58 

61 

80 

93 

96 

101 



Lower Lias. 
961 feet. 



249 





529 





3 




* 


532 





296 





828 





3 


6 


831 


6 


5 


6 


837 





63 





900 





4 





904 





12 





916 






992 



- 92 1084 



8 1092 



44 





1136 








2 


1136 


2 


12 


10 


1149 





6 





1155 





86 





1241 






Rhaelic Beds 
74 feet 
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Thickness. DsPTfr. 
Ft. In. Ft. In. 

Pile grey Umesfcone, with pyrites 11 1252 

Brown and grey clays, and black 
shales, with Aviada contorta, 
Igodonta EwaltU, Peeten vakmienaiB? 
Oyrolqns Aiberti, and Saurichtkys 
aeundnahu' - - - - 33 1285 

Grey and blue marls, with layer of 
sandstone at 1307i and under it a 
thin vein of brown plastic clay - 30 1315 

! Green and red marls, in hard and 
soft bands - - - - 15 1330 
Bed marl with band of red sandstone 
at top ; and trace of gypsum near 
bottom 12 1342 

SpecimeiiB of the strata and fossils were forwarded to the 
Museum at Jermyn Street^ by Mr. Hamilton, and also bj Messrs. 
Le Grand and Sntcliff, to whom I am indebted for the above 
record. The fossils were named by Messrs. Sharman and Newton. 

In addition to the species mentioned, some others were sent 
without records of depths : they include Area Stricklandi, Cypri- 
cardia intermedia, and Peeten Thiollieri, probably from the base 
of the Middle Lias. A specimen of Ammonites planorbis was 
stated to come from a depth of 850 feet. The actual junction of 
Lower and Middle Lias cannot be determined within about 20 
feet, and the record now given differs from that published in several 
newspapers by Messrs. Le Grand and Sutclin, as a number of 
fossils nave since been examined, which enable the junction to be 
determined within nearer limits, and to re(^uce the former estimate 
of the thickness of the Lower Lias. 

The total thickness of the Lias in this neighbourhood may be 
reckoned at 1,360 feet, as the Upper Lias clay has been estimated 
at 120 feet by Mr. Hamilton. Nowhere else in this country has 
so great a thickness of the strata been ascertained, for even in York- 
shire the measured sections of the Lias show a full thickness of 
under 1,100 feet. 

At Cherrington^ in shelly limestone belonging to the zone of 
Ammonites capricomus, numbers of the large Coral, Montltvahia 
Vietorim, were found by Messrs. Tomes and Slatter. One other 
locality is known where they occurred in equal profusion, and 
that is the water-works at Grimsbury, Banbury, where Mr. Beesley 
informed me they were even more abundant than Qt Cherrington. 

A large collection of fossils was obtained by the Rev. S. Lucas, 
from the cutting on the Banbury nnd Cheltenham Railway at 
Mangersbury, near Oddington. The zone of Ammonites Henleyi and 
other beds were exposed, but the horizons of the fossils recorded 
are not indicated.* A well sunk at Bliss's Factory, Chipping 
Norton, proved 500 feet of Lias, chiefly clay belonging to the 
Lower Lias and lower part of the Middle Lias. The sinking was 
abandoned, as no water was obtained.f 

* Ge<»logist, Tol. ▼. p. 127. 

t nnd,f p. 12S ; and Rev. J. Clutterback, Jonra. R. Agric. Soc., vol. i. p. 2S2. 
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During the construction of the railway -tunnel 'at Chipping 
Norton, many fine fossils were obtained by Mr. James Windoes 
of that town, from tlie zones of Ammonites capricornus and A, 
margaritatus. Among those obtained from the zone of A. capri- 
c(frnus, were the following : — 



Ammonites capricornus. 

DavoBi. 

Henleyi. 

fimbnatuB. 

Belemnites elongatus. 

vulgaris. 

Amberleya imbricata. 
Avicula incequivalvis. 
Cypricardia intermedia. 



Goniomya hybrida. 

Gresslya. 

Hippopodium ponderosum 

(smooth var.). 
Inoceramus ventrioosut. 
Modiola scalprum. 
Pleuromya costata. 
Pholadomya ambigua. 



The specimens of Cypricardia intermedia (a form that ap- 
proaches very near to C. cueullata) were exceptionally well 
preserved, the finer and larger specimens coming from the zone 
of A. margaritatus. In a long list of fossils from the Lias of this 
locality, Mr. Beesley^ has not separated the species procured from 
the two zones, because the fossils were mainly collected from the 
material brought up from the shafts^ or carried out at the mouths 
of the tunnel. Mr. Windoes obtained a portion of Ammonites 
Henleyi belonging to a specimen 18 inches in diameter. 

The observations of Mr. F. A. Bather furnish evidence of the 
zone of Ammonites capricornus near Fawler.f At this locality 
blue clay with hard nodules and a few septaria was proved, by a 
boring, to a depth of 120 feet. In the upper part of this clay 
A, margaritatus was found, and slightly below, A. capricornus. 

Beds with Amm. capricornus, &c. were proved in a boring at 
Burford Signett, at depths of from 270 to 300 feet from the 
surface. The total thickness of the Lower Lias proved to be 
about 450 feet, and that of the Middle Lias nearly 100 feet ; 
the thickness of the former being less than one half of that at 
Chipping Campden. Limestones are not very prominently de- 
veloped at the base of the formation^ for the record of the boring 
gives clay with occasional bands of limestone to near the bottom 
of the Lias.]: 

The cutting of the Great Western Railway near Charlbury, 
yielded Ammonites planicosta and Pleurotomaria anglica\^ while 
at Ascott-under-Wychwood '^ the skeleton of an Ichthyosaurus 
was found." Here, according to Prof. Hulli the beds '^ consist of 



• Proc. Warwicksbire Field Club, 1876, p. 80; Proc. Geol. Assoc., voL v. 
pp. 1S1-1S4 ; see also Wright, laas Ammonites, Palseontograph. Soc., p. 438. 

t Quart. Jouni. Geol. Soc., vol. xlii. p. 144. 

X See Etheridge, Pop. Sc. Review, ser. 2, vol. iii. p. 290 ; and De Baao^, Rep. 
Brit. Assoc, for 1878. Details of the Burford boring will be given in a Bubseqnent 
volume on the Oolitic rocks. 

§ W. S. Horton, Geologist, vol. iii. p. 251. 
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bluish shales, weathering grey and brown, with small nodules ol 
earthy limestone and iron-concretions."* 



Kinetan, Harbury, Fenny Comptouy and Banbury. 

Taming again to the beds in Warwickshire, we find the Lower 
lias limestones exposed in the railway -cuttings between Stratford- 
on-Avon and Eatington. The beds, as remarked by the Rev. 
P. B. Brodie, are much disturbed in places, but near the station 
north of Upper Eatington *' the Lima and other beds are exposed 
in a cutting about 60 feet deep, consistiog of the usual series of 
bands of limestone divided by shales." The beds dip in an 
easterly direction. 

At Kineton the railway-cuttini^s again show limestones, in 
places disturbed and broken. Thirty-two bands of blue lime- 
stone divided by shale, having a total thickness of 60 feet, were 
noticed by Mr. Brodie, and the fossils include Ammonites angu- 
latus, Lima Hermanniy L. ffiyantea, Gryphcea arcuata, Pecten 
pradoanuSf and Rhynchonella calcicosta.^ 

We have thus in this neighbourhood, a development of lime- 
stones belonging to the zone of Ammonites angulatus, beds which 
are for the most part represented by clay near Evesham. 

At Harbury) between the railway-station and Bishops Itching- 
ton^ there are extensive lime-works belonging to Messrs. Greaves, 
Bull, and Lakin. The limestone is used in the Blue Lias lime- 
and oemeat-works, the clay not being required. The quarries, 
opened to a depth of about 45 feet, show alternating bands of 
buiisb-grey limestone (upwards of 30 in number), and marly clay 
and diftle, the latter being a little thicker on the whole. There 
is mueh pyrites in the shales, and the bands of stone are iron- 
stained on the joints. The fossils obtained here, include Am- 
monitei angidatus^ Gryph(Ba arcuata (small specimens abundant)^ 
Lima gigantea, Piicatula, Rhynchonella calcicosta, and Plesio- 
saurus {JSretmasaurus) rugosus^X 

The lowest beds of the Lias are not well exposed in life 
railway-cntting, but beneath the series of limestones which are 
shown between the railway-station and the tunnel on the norths 
there is some thickness of blue clays, which rest on the White 
Lias. In the railway-cutting the following beds may be seen : — 

Ft. In. 

r 40 or 50 bands of limestone, alternating with 
Lower Lias < clay or shale .... about 50 

L Blue clays and shales (not well exposed) about 30 
Rhffitic Beds. White Lias, &c. 

* Hull, Geol. Woodstock (Mem. Geol. Survey, Sheet 45, S.W.)> P- 9. 

{Warwick Nat. Hist, and Arch. Soc., 1875, 89th Ann. Report, pp. 6, 7. 
Recorded in Proc. Geol. Assoc., vol. ii. p. 285 ; Brodie, Warwick Nat. Hist, 
and Arch. Soc, 89th Ann. Report, 1875. 
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The beds were measured, in 1873, by the Rev. P. B. Brodie and 
Mr. T. Beesley, and details (differing in some {larticulars) have 
been published by them. The fossils indicate that the lower 
portion of the zone of Ammonites Bucklandi, and the zone of A, 
angulatusy are represented by the limestone-seriep. The Insect 
Limestones do not appear, the limestones of this division and of 
the zone of A, planorim generally, being represented, so far as can 
be observed, by clay, which is a very unusual feature. 

The following fossils have been obtained from the railway-cutting 
at Harbury: — 



IchthyoBaurus. 
Plesiosaunis. 
Acrodus. 

Ammonites angulatus. 
— Bucklandi. 

Conybearei. 

Johnstoni. 

Nautilus striatus. 
A\ncula insBquivalvis. 
Gryphsea arcuata. 
Lima Hermanni. 

f^if^antea. 

Ostrea irregularis. 



Ostrea liassica. 
Pecten lunularis. 

pradoanus. 

Pema. 
Pinna. 

Pholadomya glabra. 
Unioardium cardioides. 
Rhynchonella calcicosta. 

plicatissima. 

Cidaris Edwardn. 
. Extracrinua briareua. 
Pentacrinus tuberculatus. 



The limestones (zones of Am. angulatus and A, Bucklandi) have 
been worked for lime at Southam, Stockton,* Long Itchington, 
Dray cote near Bourton-upon^Dunsmore, and Stretton-upon- 
Diinsmore. A specimen of Hemipedina Tomesi (in the Warwick 
Museum) was obtained from a (^rey and rather compact limestone 
at Long Itchington. This is indicative of the basement-beds of 
the Lower Lias. 

The clays above the stone-beds have been worked for brick- 
making south-east of Southam, and also at the base of Napton 
Hill, to the east of Southam, where the beds belong to the zone of 
A, capricornus. 

The boundaries between the Keuper Marls, Rhtetic Beds, and 
Lower Lias, can be readily determined as far as the neighbour- 
hood of Stretton-on-Dunsmore ; but further north the beds are 
much obscured by Drift.t 

The railway-cutting south of Fenny Compton railwul^'-station, 
has shown an excellent section of the beds from the base of the 
zone of Ammonites Henleyi^ through that of A, Jametoni and A, 
Ibex, into that of A. armatus. These beds and their fossil contents, 
have been very fully described by Mr. Thomas Beesley, and as the 
section is now by no means so clear as it was, I append his 
account, merely observing that 1 visited the section in 1887 under 
his guidance. The following is the section by Mr. Beesley t : — 



* See Warwicksh. Kat. Field Club, 1877, p. S4, and 1881, p. 8. 
t Howell, Geology of Warwickshire Coal-field (Mem. Geol Surrey), p. 45. 
i l^c. Warwickshire Nat. Club, 1 877, pp. 1-22 ; see also R. Tate, Quart Jouin. 
Geol/ Soc., vol. xxxi. p. 509. 
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Lower Lias. 

Zones of 

A. Ibex, -^ 
A, Jamesoni, 
and A, armatus. 



f 13. Rouf^b shaly clay . - . . 

12. Band of calcareo-ar^iilaceous nodules 

11. Shale --...- 

10. Band of nodulee, with Am. Henleyi, A. Ibex, 

A, Maugenesti, and A. Valduni 

^. Shale - - - - - 

8. Band of nodules, with Am. Maiujenesti and 

Fucoids - - . - - 

7. Shale, with Belemnites . - - 

6. Rouf^h, shelly, ar((illaceous limestone; with 

Am. Valdani, A, Jamesoni, Spiriferina verrU' 

cosa, Belemnites clacaius, Lima hettangiensis ^ 

Waldheimia numismalis, and Rhynchonella 

rimosa - - - - - 

5. Shale, with Belemnites - - - 

4. Rough, shelly, arj^iliaceous limestone, with 

Am. armatus (young), Pecien prisons, TAmea 

acuticosta, Gryphtea obliquata, Cardinia 

attenuata, Rhynchonella rimosa, MontUvaltia 

mucronata - - - - - 

3. Shales with band of nodules - - - 

2. Band' of nodules, with Pec^^-n ca/rM5, Wald' 

heimia subovoides - - - - 

1. Shales with bands of nodules 
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Lonfc lists of the fossils (including more than 300 species) have been pub- 
lished by Mr. Beesley, who has grouped the beds generally under the zone of 
Ammonites Jamesoni, because he found it impossible to fix the precise horizon 
of the majority of the specimens. He obtained about 2,000 Belemnites, 
among which he has recognized about 63 species. It may be remarked that 
he obtained only one example of Ammonites Jamesoni ana that an imperfect 
one. A* Valdani is more abundant, but A. lat(Pcost a, mentioned in his lists, is 
a doubtful identification. 

Among the more abundant fossils not mentioned above, are 
Belemnites Icevis, Avicula incBquivalcis, GryphcBa arcuatay Plica- 
tula spinosa, Pentacrinus scalaris, and Serjmla, 

At the waterworks at Grimsbury, many fossils were obtained by 
Mr. Beedey, especially in a stone-band which appears to be local. 
Here the Coral, MontUvaltia Victorice, was found in great num- 
bers, as at Cherrington ; Spiriferina rostrata was numerous, and 
Ammonites latacosta has also been recorded. 

The Brickyard south of Grimsbury, just north of the railway- 
stations at Banbury, showed about 15 feet of bluish micaceous 
sandy clay, at the base of which there is a layer of shelly lime- 
stone, about 1 foot thick, known as the Banbury Marble, which 
rests on blue shale. This stone was not exposed at the time of 
my visit (1887), as water rises when it is reached and prevents 
deeper working ; it is however described by Prof. A. H. Green, 
and fl specimen was kindly procured for the Museum of Practical 
Geology, by Mr. E. A. Walford. The clay yields Ammonites 
striatus, A, Loscombei, Belemnites, Amberleya, Unicardium car- 
dioities, Pleuromya costata, Inoceramus ventricosus, Goniomya 

£ 70859. L 
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hybriday Modiola scalprum, Leda complanatay Pholadomya am- 
bigua, and Myoconcha (near to) decorata,* The Marble, which 
had been dug up near the L. & N. VV. Railway station, yields 
Gryphcpa cymbium^ Pecten textorius^ Hippopodium ponderosum, 
Cardinia hybrida (recorded also from the clay), and Ammonites 
Jimbriaius, These fossils were identified by Messrs. Sharman and 
Newton. 

North of the road N.W. of Nethercote, there is a brickyard 
showing bluish-grey and brown micaceous clay, with at the base 
a shelly clay with crinoiclal remains; still lower there is a band of 
blue shelly limestone, ferruginous nodules and cement-stones, 
about 1 fuot thick. This is no doubt the equivalent of the 
Banbury Marble; it contains Pecten, GryphcBa, Inoceramus 
ventricosus, and Cardinia y while Ammonites Henleyi occurs in the 
clay. Blue clay occurs at the base of the Marble, and clay 
belonging to the same zone, has been opened up at Wark worth, 
as noted by Prof. Green. 

North-east of the Nethercote brickyard, there is an old pit 
showing sandy beds overlying bluish-grey micaceous clays. I'hose 
probably belong to the zone of Ammonites margaritatus. 

North-west of Aynho Station there is a brickyard showino^ blue 
and brown clays with ironstone nodules. I could find no fossils, 
but the beds probably belong to the zone of Ammonites capri- 
cornus. Much of the area mapped as Lower Lias in the neighbour- 
hood of Deddington, belongs however to the Middle Lias (zone 
of Ammonites margaritatus\ from the fact that the boundary 
between Lower and Middle Lias was taken at the top of the etiif 
clays, which include portions of the zone of A. margaritatus, 

Rugby. 

The lower beds of the Lower Lias have been exposed in a 
cutting on the Rugby and Birmingham railway (by the 87tlft 
milestone), west of Church Lawford. The section was as follows : — 

I r Paper shales, with much pyrites and selenite, small 

^y ' < Dodulesof tough earthy limestone., and numerous i 

*"*. L spines of Echini .- - - - about 20 feet« 



RhsBtic 
Beds 



r Compact blue-hearted and buff limestone, with hardi 
I nodules or pebbles of limestone at top, in places - ' 5 to 6 
^^ < Hard buff limestones, fissile in places, and much iron* [ feet. 
1 stained - ... - .J 



l^Greenish-grey marl - - - • -5to8 feet, 

Keuper. Red and green marls. 

The paper-shales that here constitute the base of the Lower 
Lias, present a striking resemblance to the black paper-siiales 
{Avicula^contorta beds) of the Rfasetic series ; and it is noteworthy 
that the latter are not represented at this locality. Here how- 
ever, as at Harbury, the calcareous element is poorly developed in 
the basement-beds of the Lower Lias. 

* lasts of fossils have t>eeD published by A. H. Greon, Geol. BaDbaiy (Mem. 
Geol. Sarrey, She«t45), p. 5 ; and T. Beeslej, Proc. Warwickshire) Field Club, 1872. 
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Ammonites planorhis has been recorded from Church Lawford 
and Kings Nownham ;^ and in the British Museum there is a 
huge specimen, 39 inches in diameter, regarded as Ammonites 
planorbis, which was obtained from one of the Rugby quarries. 
This would have come from a somewhat higher horizon, about the 
base of the zone of ^. angulatus. 

Probably the finest inland section of the Lower Lias limestones, 
18 that at the Victoria quarry, about a mile north-west of Rugby, 
at the Rugby Blue Lias lime- and cement- works. Here we see 
ill one face, upwards of 35 bands of limestone, with alternating 
beds of blue shale and clay. The top layers arc brown, but the 
mass of the beds is blue. The limestones vary from about 3 in. 
to 1 {^. or more in thickness, and most of them have a local name 
known to the quarrymen (see p. 296). The clays vary from a 
few inches to 4 ft. in thickness-*; a band 4 ft. thick occurring 
near the base of the fjuarry. The beds opened up attain a 
thickness of over 70 foet Particular layers of stone and clay 
are used in the manufacture of cement, but the mass of the clay 
18 rejected. 

The following are the more abundant fossils obtained : — 

Icbthyosaarua. Avicula iusequivalvis. 

Plesiosaums. Gryphsea arcuata (and varieties 
Fish-remains. like G. cymbium). 

Ammonites angulatus. Lima gigantea. 

— Bucklandi. ModioU minima. 

■ Conybearei. Pleuromya costata. 

— Johostoni. Rhynohonella calcicosta. 
-— — rotifonnis. | Pentacrinus. 

Some of the Ammonites in the lower shaly beds are pyritic. 

The large pit north of Newbold Grange, at the Newbold 
lime- and cement- works, shows about 45 feet of blue shales 
and grey argillaceous limestones, more clayey and browner in 
Golour towards the top. There are about 30 beds of limestone. 
The beds are bent into a sharp anticlinal, shown on the north- 
eastern side of the pit, but they appear to recover their horizon- 
tality at short distances on cither side. (See Fig. 52, which hns 
been prepared from a photograph kindly sent me by Mr. J. D. 
Paul.) Thin accumulations of Drift sand and gravel, witli 
pebbles of quartz and quartzite, occur on top in places.! 

Nearer Kugby than the Victoria quarry, there are at New 
Bilton several brickyards, showin/]^ from 15 to 25 feet of blue 
clay with an occasional band of argillaceous limestone, overlaid in 
places by 10 feet or more of gravel and sand. The depth to the 
limestones is from 30 to 50 feet according to the situation. Fossils 
are by no means abundant in these clays, but I obtained a few 
specimens, indicating the zone of Ammonites semicostatus : — 



Ammonites semicostatus. 
Plemrotomaria. 
Avicula inssquivalvis. 



GryphaBa arcuata. 
cymbium. 



* Beport Rugby Scbool Nat. Hist. See. for 1877, p. 48. 

t See Horizontal Section (Geol. Survey), Sheet 140, and Explanation, p. 9. 

1 2 
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At Hill Moreton there nre brickyards showing about 20 feet 
of bluish-grey clay with small limestone-nodules, and with gravel 
and sand on top. From this locality I obtained the following 
fossils^ which were named by Messrs. Shnrman and Newton : — 

Belemnites. Torritella Dunkeri. 

Ammonites brevispina. : Area Strickland!. 
-^— guibaliantis. Giyphsea arcuata. 

— semicostatus. CTmbium. 

Bubplanicosta. Unicardium cardioides. 

Bones of Ichthyosaurusy Ammonites armatnSy A. Birchii, A. 
oxynahu, and Hippopodium ponderosum, have been recorded from 
this locality ; while a bed with Montlwaltia rugosuy has also been 
observed^ both here and at Catthorpe.^ The fossils here indicate 
beds from the zones of A. obtusus to A. Jamesoni; and the beds 
may be compared with those opened up in the Cheltenham Gas- 
works (p. 143), Miirle Hill at Cheltenham, Drake's Broughton, and 
Honeybourne. The occurrence of A, semicostatus is noteworthy, 
but that species is recorded by Diimortier from the zone of A. 
^fxynotui.^ 

A deep well made to the south east oF Uugby> proved . the 
following beds of Lower Lias : — % 

Glacial Drift - Red sand and gravel . - - 

f 1 1 . Blue claj with a band of limestone - 

10. Limestone - - - - 

9. Clay 

8. Alternate bands of clay and limestone - 

7. Clay with four bands of limestone 

6. Alternate bands of clay and limestone - 

5. Clay - - - - - 

4. Limestone . . - - 

.'^. Clay . - - - - 

2. Stone - - - - - 

1. Blue, brown, and black clay - 

Rhsptio Beds^ - Very light hard stone ( White Lias) - 



Lower IJaS'^ 
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Judffing from this record l)eds 1, 2, and 3 include the beds exposed near 
Chav£ Lawford — representing the zone of Ammonites planorhis, with a thick- 
jiflw 107 feet 3 inches. Beds 4, 6, and 6 include the stone worked in the Lime- 
quarries, lepresenting the zones of A, angulatus and A. Bucklandi, with a thick- 
neas of 157 feet 9 inches. Beds 7, ^, 9, and 10 may be taken to include the 
days of New Bilton, and to represent the zone of A. semicostatus; while Bed 11 
no doubt includes the clays of Hill Moreton, which represent the zones of 
A. oUusus, A. oxynotus, and A. raricostatus. 

The well was carried to a depth of 1,145 feet into the Keuper " Water- 
stones/' but was unsuccessful, as the water proved to be saline. 



• See E. Cleminshaw, Rep. Rupby School Nat. Hist. See. for 1867, p. 36; also 
.Reports for 1872, p. 47, 1874, p. 8, and 1877, p. 46. 

t Etudes pal. UepAts Jurassiqiics, Ikwsin du Rhone, vol. ii. p. lO'J. 

t See J. M. Wilson, Kep<»rt IJugbv School Nat. lliet. Soc. for 1868, p. 41, and 
Bep. for 1874, p. 71. 
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At Clifton^ near Kugby, blue clays and sands were sunk 
through to a depth of 132 feet: the greater portion of the beds 
being Glacial Drift* 

The brickyard at Braunston, situated on the north side of the 
canal, S.S.E. of the church, showed about 20 feet of bluish-grey 
clay with small cement- and ironstone- nodules, capped by gravel. 
Here I obtained the follow in*]: fossils indicative of the zone of 
AmmonitcM Jdmcsani: — 



Ammonites striatus. 
Valdani. 



Inoceramus ventricosus. 
Gryphaea sp. 



Blue clay is exposed by the canal north of Willoughby Wharf, 
north of Braunston, and there Unicardium cardioides and sonie 
other fossils have been obtained.t Ammonites Henleyi, A. Ibex 
and Inoceramus ventricosus have been recorded from the Kilsby 
tiinnel,:^ and A, capricomus has been found in a railway-cutting 
at Crick.§ 

A number of Forsminifera, from a brick-pit near Writon 
railway-station, have lately been described bv Messrs. W. D. 
Crick and C. D. Sherbom. The clays at this spot evidently 
occur at the ji^qption of the Lower and Middle Lias, for among 
the fossils recorded are Ammonites Valdani, A, trivialis^ A. mar" 
garitatusy and A. Engelhardti,\\ 

In the country near Daventry, as near Banbury, the junction 
between Lower and Middle Lias, has been drawn on the Geologi- 
cal Survey maps mainly on the evidence of physical features, lines 
of springs being taken to mark the upper limit of the Lower 
Lias beneath the more porous sandy shales of the Middle Lias : 
the lowest clayey beds of the Middle Lias with Ammonites mar- 
garitatusy have thus been often included with the Lower Lias.^ 

Wigston and Market Harborough, 

North and north-east of Rugby, from near Lutterworth to 
Wigston Magna, the boundary ot the Lower Lias with the beds 
beneath *' is extremely uncertain, on account of the great thick- 
ness of Drift which obscures the underlying strata."** 

: The junction of Lower Lias and Bhastic Beds has been exposed 
in the large brick«pit at Olen Parva to the south-east of Wigstoa* 
u . • \ . 

* De Ranee, Hep. Brit. Assoiv for 1S81, p. 813. 

t Rep. Rugby S4^ool Nat. Hist. Soc. for 1877> p. 46. 

X For account of Kilsby Tunnel, which is 1| miles long, see Smiles' Life ctf 
^t^henson, chap. xiii. 

§ T. B. Oldham, Report Rqgby School Nat. Hist. Soc. for 1878, p. 54; IS79, 
pp.28, 54; 1880, p. 48. 

II Joum. Northamptonsh. Nat. Hist. Soc., vol. vi. p. 208. 

% SeeW. T. Aveline and R. Trench, Geology of part of Northamptonshire 
(Mem. Greol. Survey, Sheet 53 S.E.), p. 4. 

•♦ H. H. Howell, in Geology of part of Leicestershire rMem. Geol. Survey. 
Sheet 68 S.K.), p. 4. * 
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The bottom beds of the Lower Lias consist of blue-hearted 
limestones^ from 1 foot 6 inches to 9 feet thick. Tiie lowest bands^ 
showing wavy banding and white earthy e^uitingy contain -much 
pyriteSy and are considered by Mr. Montagu Browne to represent 
the " four-foot bed " of Barrow-on-Soar. Lima gigantea occurs, 
and Mr. H. E. Quilter records also Ammonites planoj^hisy Cidaris 
Editardsi and other fossils.* 

i 'Aeds' belonging to the zone of Atn. Buchlandi have been 
parried between Wigstoi Magna and Kilhy^ and krge specimens, 
of Lima gigantea have been obtained. Clayey beds and pyritic 
dmh^ nBrith nodules of limestone^ belonging partly to the same 
^Mfiy'mnd partly to tliat of^. semifostatus,\\Q,\t been opened up.- 
ia^bridkyards near Glen Magna and Fleckney.f At JFIeckney 
Jtmm^ite* saitzeanui and other fossils have been found. 

The overlying clays have been worked for brick-makings between 
Brnntingthorpe and Siiearsby, at Kibworth Harcourt, Husbands 
Bosworth, Market Harboro'ugh, Little Bowden, Neville Holt, and 
Medbourn. 

Shelly limestone -bands are occasionally met >nth in the clays, 
bands that are of a similar character to the Bunburv Marble. 
One of these bands at -Husbands Boswortii yielded Belemnites, 
CardifdOj Gryphcea^ Liraa^ and Pecten ; but tiie specimens were, 
not good enough for specific identification. 

Prof. Judd has also described bands of like characteir that weire^ 
exposed at Staunton Wyville. They yielded Cardinia attenuata 
and C. hyibriduy and many other, shells, including Belernnites 
alavaiUi^-Hippopodium ponderosum, Gryphcea obliquata, Littorina 
imbfieata^, PefUfcrinus, &c. He remarks that these Ibands of 
l^nestone are /^u£Scient to produce, by their greater relative 
hafdaess and^pc^ver of resisting denudation, a well-marked feati^re 
Y^rever the 09untry is sufficiently free from Drift. Thus the 
^dge on which the village of Thorpe l^ugton is built, owes its 
Miateiice 'to 'the prescnco of limestone-bands of the zone oi 
^Immanitei Jamesoni. A deep ditch south of the village afforded 
afi^admirable exposure of these beds in the year 1867. and yielded 
Asf^vwiUfes Valdaniy Belemnites elongatus, Plicatula spi?iosa, Pecten 
^^fmqJmB^^Modiola^ Ostrea, and Pentarrinus (very abun'lant).J 
. Pnrfl Jjidd mentions that the clays in the Neville-Holt brick- 
yard, are^ dark blue and pyritous, with a few septaria and ferru- 
gillQQ8^'i]lodllle8 ; they yielded Ammonites capricomus, A. Jim" 
MaiuSf and Nucula. -^ 

At Little Bowden brickyard, beds of grey micaceous shale and 
Uo^ iclay have been opened up to a depth oF 25 feet, beneath 
lliJ4f|le* Lias, shales. These lower beds belong to the zone of ^. 



* JEtep. Leicester Lit. and Phil. Soc. 1885, p. 120; see also Geol. Mag. 1S84, 

p. 415. 
f QuHter, Gebl. Mag. 1886, p. 60 ; Midland Nat., vol. iv. p. 265. 
i .Geology of Kutland (Mem. Geol. Snrvey, 8heet 64), pp. 62, 63. 
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The following fossils occur : — 

Ammonites capricornus. 
Belemnitea clavatus. 
Amberleya imbricata. 
Cardita multicostata. 
Inoceramus ventricosus. 
Leda. 
Pecten. 



Modiola scalprum. 

hillana. 

Plicatula spiDOsa. 
Pentacrinua basaltifonnis. 
Lifrnite (partially converted into 
jet) 



The above list includes the species obtained by Prof. Judd and 
those subsequently collected by Mr. Beeby Thompson and 
mysell 

At Cranhoe brickyard (also described by Prof. Judd) we have 
an exposure of light-blue stratified clays, with layers of concentric 
balls of ironstone which fall to pieces on exposure to the air. 
These nodules contain numerous but imperfectly preserved fossils ; 
the species collected were as follows : — 



Ammonites Henleyi. 

Belemnitea. 

Avicula insequivalvis. 

Cardium tnmcatum. 

Cucullasa. 

Inoceramus ventricosus. 



Leda complanata. 
Lima pectmoidea. 
Pecten lunularis. 

8e<juivalvis. 

Pentacnnus. 



The beds here, as noted by Prof. Judd, are near the junction 
of Middle and Lower Lias ; possibly portions of the Middle Lias 
are represented,* 

Barrow- on-Soar and Melton Mowbray. 

The lowest beds of the Lower Lias near Leicester, consist of 
beds of banded and fissile argillaceous limestone, alternating with 
shaly clay ; beds which resemble the Insect Limestones in the 
Lower Lias of Wilmcote and other places.f They also yield 
remains of Saurians, Fishes and Crustaceans, including Ichthyo- 
saurus communis, L intermedius, I. tenuirostris, Plesiosaurus 
macrocepkalusy Belonorhynchus acutus, Oxygnathus Egertoni, 
Dapedms dorsalis, Eugnathus serrulatus, Pholidophorus HastingsitB 
P. Stricklandiy and JEryon barrovensis. From Barrow-on-Soar 
there was obtained a specimen of Ichthyosaurus with traces of the 
skin or dermal covering.J Among other fossils there are found 
Ammonites planorbis, A. Johnstoni, Nautilus striatus, Gryphaa 
arcunia, Lima giganteu, and Rhynchonella calcicosta, A fine 
Neuropterous Insect, named Palceotermes Ellisii, by Dr. H. Wood- 
ward has lately been found in the same strata by Mr. Montagu 
Browne ; and in this specimen the wings are clouded with spots 
of colour. § 

The thickness of the beds is from 30 to 40 feet. These 
lower beds have been noticed by Prof. Judd in railway-cuttings 
at Sysonby and Kirby Bellars, and by Mr. Strangways in 



♦ Geology of Rutlaud, &c., pp. 62, 63. 

t Brodie, Proc. Cottesvrold Club, vol. ii. p. 139 ; W. J. Harrison, Sketch of th« 
Greology of Leicestershire, &c., 1877, p. 37 ; M. Browne, Vertebrate Aninals of 
Leicester and Rutland, 1889, pp. 173, &c. 

X Buckland, Bridgewater Treatise, vol. ii., Plate 10 ; W. DayieSyGeol. Mag., 1864 
p. 248. Sec also Moore, Proc. Somerset Arch. Soc., voL xiii. p. 179. 

§ Geol. Mag. 1892, p. 193. 
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the cutting pear Rotherby, north-east of Brooksby railway- 
station. 

The principal sections are those in the quarries near Barrow-on- 
Soar, where the beds shown are as follows : — 

Ft. In. Ft. In. 
Blue and brown clay and pyritic shale, 

with Ammomtei catenatus . - - 5 to 15 

Thin layer of stone. lAma gigantea^ Gryph€Ba 

arcuata - - - . . 

Grey and blue shaly clay ... 

Limestone *' Roof Bed, known also as Rammell 

or Rummels, with Am, planorbis and Lima 

gigantea -.---. 

Shale 

Six or seven even " floors " of limestone and clay - 

Shale 

Limestone ** White Hurls " 

A few more " floors " are worked in places, sometimes in the open and 
sometimes by shafts and drifts carried beneath the Roof Bed. l*he depth from 
the Rammell to the White Stone (top of Rhsetio Beds) is said to bet?9 feet, and 
the thickness of the stone-beds that are worked is from 21 to 25 feet, including 
shales. 

Some of the bands have been employed for paving and other purposes, but 
much of the stone is very shaly and after exposure it flakes up. It is mainly 
worked for the Blue Lias Lime and Cement, manufactured by John Ellis and 
Company. 

The beds shown belong mostly to the zone of Ammonites plan^ 
orbisj but the top clays and shales, which in places attain a 
thickness of about 80 feet, have been designated bv Mr. Quilter 
the zone or sub- zone of Ammonites catenatus* This Ammonite 
10 locally found In some abundance ; it was however regarded by 
Prof. Juddf as a variety of A. angulatus^ and is no doubt an 
intermediate form, sufficiently pronounced however to be worthy 
of local distinction. Mr. Quilter regards the form as intermediate 
between A, planorbis and A, angulatus, 

A. catenatus is recorded by Mr. J. D. PaulJ from beds near 
Scraptoft and Thurnby, and it has been found with A. Johnstoni 
at the Spinney Hills, Leicester. 

Beds belonginp^ to ihe zone of ^. angulatus have been observed 
near Sileby by Mr. Quilter, and also in the railway-cutting on the 
Uppingham road, near Leicester. 

A boring near Evington proved 186 feet of Lower Lias, 
including the beds from the base up to the zone of A. Bucklandi,^ 

At Crown Hill, north-west of Evington, nearly 50 feet of 
limestones and clays belonging to the zone of A, Buchlandi have 
been opened up. Mr. Quilter records A, Charmassei and other 
foflsils from this locality.|| 

In an easterly direction the beds are represented mainly by 
blue clays, with numerous scattered specimens of Gryphcea 



• Geol. Mag. 1886, pp. 59, 64. 

t Geol. Rutland, p. 59. 

X Trans. Leicester Lit. and Phil. Soc, ser. 2, Part L, p. 23. 

§ J. D. Paul, Ibid., 1883-4, p. 83. 

II Report Leicester Lit. & Phil. Soc. for 1883, p. 52. 
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arcuata, &c. Beds of this nature, noted by Prof* Jndd^ were 
reached in a deep well in Stapleford Park.* -* • 

Blue pyritic clays with ooeasional bands of limestone, yielding 
Ammonites semicostatus, &c. were openeii up id ^uttitigs 'licwt* 
ITiurnby, and Ingersby or Scraptof t tunnel, east of Leicester.f 

Still higher beds of pyritic ^lale with'^nodules of limestone, 
bands of shelly limestone, and ferruginous cbnt^retions, belonging 
to the zone of A. oxynotus were exposed by the tunnel between 
Grimston and Old Dalby, and in a. brickyard between Houghton- 
on-the-HiU and Billesdon.^ 

At the potteries at Loseby and in the railway-cuttings near 
Loseby station, clays and shales with sepiaria and nodules of iron- 
stone were exposed to a d^pth of: about 25 feet; Towards the 
middle of the section at the potteries, there was a layer of grey 
sandy rock. The following fossils were obtained by Prof. Judd : — 

Cardinia. 

Gryphaea CTxnbium. 

— — -obliquAta. j 

Hippopodfium pondercMndii 

large rugose variety. 
Lima Hermanni. 
Modiola scalpnim. 
Arcomya elonf(ata. ' ' 

Pholadomya ambigua. 
Pentacrinus. 



Stturian vertebrae. ! 

Ammonites annrtuv, abundant. 

' ■ gagateos ^Coynarti). 

Loscombei, sometimes 

very large, and the specimens 
covered witbr 0«frea, Serpula, 
&c. 

Nautilus truncatus. 

Belenmites acutus. 

Avicula. 



The beds were grouped by Prof. Judd in the zone of A. arma* 
tus.^ The occurrence of A, Loscomhci is however suggestive of 
higher beds ; and Mr. Strangway^ is of opinion that they include 
beds belonging to the zone oiA. capricomus, 

Beds belonging to the zones of Ammonites armatns^ A. Jamesoni. 
and A, Ibex have been noted in the railway-cuttings near Freeby 
and Saxby, and again near Little and Great Dalby. They con- 
sist of sandy clay and pyriious shales, with septaria, ferrugiijious 
•nodules^ and occasionally thin bands of impure limestcme, and 
pieces of jet. Beds of ihis character were shown in a cutting of 
the Bourn and Saxby railway, east of Saxby, where they were 
apparently faulted against the Marlstone. 

Specimens indicating the zones of A. Jamesoni and A. caprif 
cornus were obtained by Prof. Judd from openings, in the Lower 
Lias clays of Stapleford Park : he enumeratesthe following :~^^j 



An^monites brevispina, rare. 
». '■ capcicomuSy rare. 
-^— Jamesoni. 

latsecosta, abundant. 

normanianus, rare. 

— i— trivialis. 
Belenmites davatus. 
elegans. 



IVochus. 

Cypricardia cuoullata. 
Gryphsa cymbium. 
Limea acuUcosta. 
Lima Hermanni. 
Plicatola spinosa. 
Unicardium cardioides. 



Hit 



.in 



:* 



.a 



* Judd, Geol. Rutland, p. 59. 

t J. D. Paul, Kep. Leicester Lit. & Phil. Soc. for ISSS, p. 50. 

X Quilter, Qeol. Mag. 1886, p. 60. 

§ Oeol. Kutland, p. 61. 
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Ammonites Jamesoni and Hippopodium ponderosum were ob- 
tained at (jrreat Dalby, by Prof. Jiidd^ and from iMttlr-Dalby he 
pbtflin^^.^- M^mf^^.wih Plicatula spinosa, SLtid Montlicaltia rugosa, 
forms which recall the beds at Fenny Cumpton. . Fine specimens 
of -4, armatus ,\Yere also obtained at Little Dalby. 

As remarked by Professor Judd, the highest beds of the Lower 
Lias consist of dark blue clays, with much pyrites and many 
aeptafia, the latter acquiring a red colour and concentric structure 
hy ^^theriflg, and /reqi^utly containing thin. laminae of Specular 
Iron. . These beds abouna with specimens of Ammonites capri- 
corniU)raDd alfio contain, but more ravely, Pentacrinns robust us 
a^d ^ome oth^r fossils. They are exposed in the railway-cutting 
at Galley Hill, near Whiftsendine.* 

Bamstonc and the Vale of Delcoir, 

North-east of Leicester the Lo\*er Lias spreads over a con- 
siderable tract of <!Ot]ntry^ an- undulating drift-covered district 
known as the Wolds, on which are sitliated the villages of Walton- 
on-the- Wolds, Old Dalby-on-the- Wolds, Wimeswold, and Stanton- 
on-the«Wolds. 

Limestones have been quarried for lime-burning, &c., north of 
Hoton/on theNormanton and Stanford Hills, between Normanton- 
npon-^Soar and' Ren^pstone, at Cortlingstock, £ast Leake Hills, 
near Widmerpool, • Kinoulton, Owthorpe, and Cropwell Bishop. 
The beds at* Hoton are muoh like those of rBarrow-on-Soar, and 
siiular organic remains (Saurians,'Fisl)es, and Grustictans) have 
been found there and at Cortlingstock.f 

A deep boring made at Ow1horpe> penetrated, the basement^ 
bedl of, the Lower Lias \% a well sunk at the G.N. and L. & 
N.W. Kailway-station at Melton Mowbray^, proved a thickness 
odf S^^O fieet of Lower Lias, beneath a covering of Driilt 38 feet 
tt^jkl|;.;.»|mdra boring at Scalford Road, near Melton Mow bray^ 
pnovf94;21^ £ro^ of Lower Lias (cJay with thin bands of lime- 
8|iOn^„ Werlfiid by liU feet of Drift§ (See p. 315.) 
; |[rh^Jbwest beds of tlie Lias were exposed in the railway-cutting 
^f)|X, Bai^tone, where the junction with the Rhaetic Beds was 
I^Ktedb;;Mr..£. Wilson as follows : — 1| 

Ft. Ir. 

LrfMrerLiAj fThin-bedded blue limestones and brown 
' Zon^f^ » J daya, with > Ammonites planorbis, 
'•'^^iS^jj. ^ M'.' Pleuromya costata, Ostrea liassica, and 
' P^^^' [ Modiola minima - - - about 10 

SlwBticI Li^ J 'Compact concretionary bed of limestone - 0. 3 to 7 
' Beds i 3^|4^s 1 £arthy shales with nodules of limestone. 

» • r; • 

f yu. ' *T .,*■«■• /' ■ — ■ — 

* Geol. Butland, pp. 60, 61. 

t See HorisoQtal Section, Geol. Survey, Sheet 48, and Explanation by H. H. 
Howell ; and Jak€8, in Potter's History of Chamwood Forest, Appendix, p. 4. 

X B. Wilson, Midland Nat., vol. vi. p. 198, and Jukes-Browne, Geol. S.W. 
JUlKfda/ibice, p. 150. 

I fie Bance, Rep. Brit. Assoc, for 1883, p. 153. 

II Quart. Joam.,<(}ef^}. ,Soc.» toL xxxviii. p. 453 ; Jukes-Browne, Geol. S.W. 
Linoolnshire, p. 19. 
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The compact bed of li^pestone was included in the Lower 
Lias by Mr. Wilson, but it is probably equivalent to a band, of 
similar character and position at Coddington, which I regard ss 
the top of the Rhsetic Beds.* 

At the Lime-works at Bamstone the following section was 
shown • — 

Ft. Ik. 

Contorted clayey soil and drift • • » - 2 

""Pale argillaceous limestones. Two Skrbbirs, and day • 2 

Racy clay - - - - - -24 

Two or three beds of limestone. First and Second 

Urrs, thick and thin beds nsed for paving floors - 1 8 
Grey shale - - - - - -26 

Vy.^^'^ Best stone. Ninb-inch bed, pale and banded earthy 

Zone of 



Lower 



Am, 
planorbis. 



J limestone - - - - - -09 

1 Shale 11 

Two or three beds of limestone. Rum m els - - 1 4 

Shale 17 

Limestones. Eighteen- inch bed. top and bottom, 
wayy-banded and pyritic limestone (like bed at Glen 
Parva) - - - - - - -16 

Shale - - - - - - -16 

Grey argillaceous limestone. Bottom Floor. (Water) 8 

Shelly layers occur in the shales, and there are obscure Bivalves 
(Pullastra t)y small Inoceramus ?, Ostrea liassica, Spines of Echini, 
and remains of Plesiosaurus and Ichthyosaurus. 

Northwards, the limestones have been worked at Granby, East 
Gotham Hill, near Long Bennington, and Coddington. Ammonites 
planorbis, Cardinia, &c. have been met with at Granby and 
Gotham ; and species of Montlivaltia at Balderton.f 

The total thickness of the basement-beds of the Liower Lias 
(zone of A. planorbis) is about 30 feet. 

According to Mr. Jukes-Browne, the zone!« uf Ammonites angu- 
latiis and A, Bucklandi consist of dark blue clays with occasional 
bands of septaria and thin limestone. The fossils, which are 
sometimes pyritic, include Ammonites, Nautilus, Gryphcea areu- 
ata, Lima gigantea, &c. The beds are seldom exposed, but they 
have been opened up in brickyards near Bottesford, and in other 
places near Bedmile ;| and probably also in Kinoulton brickyard 
to the south-west 

The zone of Ammonites semicostatus is represented partly by a 
band of ferruginous limestono and ironstone, containing Ammonites 
semicostatus, Cardinia giganlea, C Listeri, Gryph<Ba arcuata^ and 
other fossils. As remarked by Prof. Judd, the bed makes a con- 
spicuous feature in the Yale of Belvoir, and exhibits mineralogical 
characters, which have caused it to be mistaken for the Rock-bed 
of the Marlstone. (See Fig. 53.) 

♦ Geol. Mag. 1874, p. 480. 

f See also Jakes-Browne, Geol. S.W. Lincolnshire, (Mem. Qeol. Survey, Shett 70), 
p. 24. 

% Geol. S.W. Lincolnshire, pp. 28, 29. See also Fig. I, p. 10. 
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The band has been traced from Harby northwards by Redmile 
and Foston> but it nowhere in this neighbourhood attains a 
thickness of more than 5 feet^ although it comprises two layers 
parted in places by a bed of clay 2 feet thick.* A well-boring at 
Allington Hall, N.W. of Grantham, was carried to a depth of 
181 feet in Lower Lias, below these hard bands. 

Above the ironstone-band there are dark blue clays with bands 
of stone, representing the zone of Ammonites oxynotus ; and sandy 
clays and thin limestones^ representing that of A. armatus. These 
beds were exposed in a brickyard south-west of Broughton-on- 
Brant ; from the beds here Ammonites raricostatus has been 
obtained. 

Prof Judd has recorded the following fossils from the hard 
ferruginous beds (zone of A. semicoxtatus) , in the vale of 
Belvoirt : — 



Ammonites semicostatus. 
Belemnites acutus. 
Cerithium ]igaturale. 

subfistulosum. 

Pleurotomaria precatoria. 
Crypt89nia expansa. 
Amberleya imbricata. 
Astarte. 
Cardinia copides. 

gigantea. 

hybrida. 

Listeri. 



Cardium. 
Gryphaea arcuata. 
Lima gigantea. 

pectinoides. 

— punctata. 
Pectcn aBquivalvis. 

lunularis. 

textorius. 

Pleuromya costata. 
Unicardium cardioides. 
Ditrupa capitata. 
Rhynchonella variabilis. 



ovalis. 

At Broughton Mills, beds considered to belong to the zone of 
Ammonites Jamesoni, have been worked for brick-makings, but as 
Mr. Jukes-Browne remarks " fossils are scanty and ill-preserved," 
and no distinctive specie^s are recorded. 

A cutting at the foot of the tram-line belonging to the Eastwell 
Iron-works, showed bluish-grey shaly clays with small nodules of 
ironstone and cement-stone, and from these beds Mr. W. A. EL 
Ussher and myself obtained the following species, which were 
identified by Mr. Sharmanf : — 



Ammonites brevispina (fragments 

abundant). 
Belemnites (abundant). 
Avicula. 
Pecten lunularis. 



Plicatula spinosa. 
Unicardium cardioides. 
Rhynchonella. 
Pentacrinus. 



Ammonites capricornus was obtained from the clays and iron- 
stone-nodules, exposed in the railway-cuttings between Long 
Clawson and Harby, and at Barkston junction. The brickyard 
north-east of Woolsthorpe showed clays with ironstone concretions 
and septaria; beds, probably near the junction of the zones of 
A. Jamesoni^nA A. capricornus. 

The total thickness of the Lower Lias, as proved in a well-boring 
at Spittlegate, Grantham, may be estimated at about 700 feet.§ 



• Geol. S. W. LincolnBhire, pp. 29-31. 
t Geol. Rutland, p. 42. 
X G*ol. S.W. Lincolntbire, p. 82. 
§ Ibid,, p. 143. 
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Details were recorded by Mr. W. H. Holloway, who calculated the 

tbiokness of -the several zones-, these may be summarized as 

follows : — 

Feet. 
A, capricpmus to A. oxynotus : — Chiefly clays with septaria and 

occasional sandy beds - - - - - 470 

A, semicosiatus to A. plauorbis: — Alternations of limestone and 
clay - . - 230 

Lincoln, 

Near Lincoln the Lower Lias, occupies a broad belt of flat 
country that nflfords few sections : the mini>r features in thft area 
being in many cases due to coverings of Drift. 

The basement-beds belonging to the zone of Ammonites plauorbis , 
are represented by dark clays with bands of grey earthy and shelly 
limestone, but as a rule there nppears no great mass of Innestones 
either in this division or higher up in the Lower Lias, 

East of Collingham railway station there was a quarry and 
lime-kiln^ now abandoned, and the section showed in 1881), about 
4 feet of clay, and loose blocks of grey earthy and banded lime- 
limestone, like the Insect-beds of Warwickshire, At this locality 
Mr. W. H. Dalton collected Ammonites planorhis, Avicula incRqui- 
valvis, A. papyria, Lima gigantea, Ostrca liassica^ &c. 

The boring at South Scarle (Collingham) proved about 29 feet 
oIJjOWCT Lias clay and limestone.* The limestones were exposed 
in. the railway«cutting south-east of Torksey, and the beds have 
beeo extensively quarried there for local building-purposes.f 

Beds of clay and shale with bands of limestone, represent the 
Allies of Amtnanites angulatus and A. Bucklandi, They have been 
notio^ near Eagle, in cuttings south of Marton railway-station, 
and Mar :Sto^» in the brickyard south of Heapham, and near 
Qreiit Gpfringham. Ammonites Bucklandi, Gryphcea arcuata, 
Lima fftgantea^ Pentacrinus^ &c. occur. 

More interest attaches to a band, of ferruginous and calcareous 
saiidttone, with subordinate olays, that represents the zone of 
Ammonites 9emicostatus. It has been traced, by Messrs. Usslier and 
Dalton» at intervals northwards from the area previously noted in 
the- Yale of Belvoir, but the outcrop can only be detected in 
plaoes. North of Bassiugham Church the following fosiiils were 
obtained} . — 

Amberleya gaudryana. Pinna. 

Chemnitzia (H) liassica. Pholadomya ambigua. 

GiyphsBa arcuata. Unicardium cardioides. 

Lima. Rhynchonella. 

Ostrea. Spiriferina Walcotti. 

Pecten Thiollieri. | 

A somewhat similar assemblage was obtained njoith of Eagle, 
although the beds there appear to be on • a rather lower 
horizon. 



♦ E. Wilson, Quart. Journ. Geol. Soc, vol. xxxt. p. 812. gee also W. H. 
Dalton, Geol. Mag. IS87, p. 48 ; Geol. Lincoln, p. 194. 
t Geology of the country around Lincolo, p. 17. 
X Geology of Lincoln, pp. 19, 20. 
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Mr. Dalton mentions that calcareous sandstone was at one time 
worked for road-metal at Haddington and Thorpe-on-the-Hill, 
where the beds form a marked feature ; but their further extension 
northwards is very doubtful Beds of sandy Lias occur at 
Broxbolme, but they are considered by Mr. Dalton to be on a 
higher horizon. Ferruginous rubbly limestones occur also at 
Stow and Willingham, and these beds are considered by Mr. 
Ussher to belong most likely to the zone of Ammonites semi- 
costatus. There are however no indications in this region of the 
valuable ironstone met with on this horizon still further north. 

A brickyard south-east of Bassingham showed the following 

section, which was noted by Mr. Dalton : — * 

Ft. In. 

Soil and Drift clay - - - - - 1 6 

Lower Lias. fClay - - - - - - -16 

Zone of J Ferruginous sandstone - - - - 2 

Ammonites | FossilSerous calcareous rock - - - - 2 

armattu. LBlue clay - - - - - -60 

The following fossils were obtained here by Mr. Rhodes: — 

Ammonites subplanicosta. Pecten lunularis. 

Avicula inssquivalvis. 



Cardinia Listen. 
Gryphaaa cymbium. 
Moaiola sc^prum. 



Pholadomya ambigua. 
Pinna Hartmanni. 
Pleuromya. 
Pentacrinus. 



The beds are considered to belong to the zone of Ammonites 
armatus, which in the area to the south, near Broughton-on- 
Brant, and in some other localities, includes beds of a sandy 
nature. 

Ironstone was noticed in these beds east of Broxholme, suggest- 
ing that the formation of this ore occurs at different horizons, 
according to the presence of porous layers here and there in the 
Lias clays. This band appears to range northward by Broxbolme, 
and Thorpe-in-the-Fallows to Coates. 

The uppermost beds of the Lower Lias have been well exposed 
in the brickyard north of Waddington railway-station. There 
about 30 feet of clay has been dug, the uppermost 6 feet of 
it being regarded by Mr. Usslier as belonging to the base of 
the Middle Lias ; below> the beds consist of grey clay with ferru- 
ginous septaria and cement-stones. The iollowing fossils were 
obtained : — t 



Ammonites capricomuB. 
■■ striatus. 

subplanicosta. 

Belemnites clavatua. 
Actasonina. 
Amberleya imbricata. 
Cardium truncatum. 
Gervillia laavis. 
Goniomya. 
Leda gaJathea P 



Modiola scalprum. 

Ostrea. 

Pecten SBquivalvis. 

Thiollicri P 

Pholadomya ambigua. 
Pleuromya costata. 
Plicatula spinosa. 
Unicardium. 
Rhynchonella variabilis. 



* (Geology of Lincoln, p. 21. 
t IM., p. 22. 
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About a mile and a quarter further nortb, ilie Bracebridge 
Brick Compnny'a pit showed, at the base of the MiddJe Lias 
clays, about 10 feet of clay yielding Ammonites copricornus and 
A. striatus, A trial-boring at Bracebrid^^e wns carried to a 
depth of 320 feet without reachin<j the base of the Lower Lias ; 
saline water was then obtained. (See p. 322.) 

In this area, as elsewhere, the boundary lietween Middle and 
Lower Lias is very indefinite, as the beds liihologically cannot be 
di>tinguished. 

Frodingham and North Lihcolnshire 

The basement -beds of the L'as (zone of Ammonites planorbis) 
in North Lincolrishire, comprise clays with bunds of limestone, 
attaining a thickness of 20 feet or more, llemains of Ichthyosaurus ^ 
AmherUya Chapuisiy Lima gigantea^ Modiola minima^ Ostrea 
liassicCy Pleuromya crowcombeia, &c. have bcf n (»btained. The 
beds have been exposed at Scotierwood, west of Scotter, near 
Messingham Mill, and in the low cliff norih of burlon-upon- 
Stather. The junction with the Bhaetic Beds is not to be seen in 
section : these beds consist in the upper part of marly shales, with 
on top a band of compact limestone. 

The zones oi Ammonites angulatus «nd A, Bncklandi arc repre- 
sented by grey and blue compact and nodular limestones, with 
thicker masses of clay and shale, that forn) in places a well-marked 
OBcarpment. West of Frodingham station there is a fine section 
of the bed«, which there attain a thickness estimated by Mr. Ussher 
at 170 feet. Iron-shot; grains occur in some of the upper beds, 
near the junction with the overlying zone. GryphcBa arcuata is 
very abundant. Ammonites Bucklandi, A. Conybearei, Lima 
gigantea, L. Hermanni, Cardinia Listen, Spiriferina Walcottiy 
and other fossils have been obtained.* 

ITie beds have been quarried to the south, by the road west of 
Brumbj, where they have been opened to a depth of 20 feet. 
Peculiar cup-shaped nodules, or nodules resembling the mouth of 
a funnelj have been observed in these beds in several places by 
Mr. Ussher. 

The most northerly exposure of these stratn, is in a quarry 
opposite Whitton pier, where the beds of brown and grey clay 
and limestone were exposed to a depth of 18 feet, beneath a 
capping of gravel. Gryphcea arcuata and Penlacriniies arc 
abundant. Many fossils from tliis locality were noted 160 years 
ago by J. Woodward. t 

The most important division of the Lower Lias in this region 
is the Frodingham Ironstone, a group or ferruginous and fossil* 
iferous limestones, which belong to the z^)ue of Ammonites 



* J. E. Cross, Qaart. Joum. Gcol. Soc, toI. xxxi. ; and UsHher, Geology of 
North Lincolnshire, &c., pp. 18, &c. 
f Nat. Hist. FotfsUs of England, toI. i.. Fart 2, pp. 2G, 80, 32, &c. 

E 70859. H 
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semicostatus. The position of these beds was first determined by 
the Rev. J. E. Cross. 

The beds attain a thickness of from 20 to 30 feet, and consist 
of harder and softer bands of brown ferruginous limestone and 
calcareous ironstone, with occasional traces of oolitic structure. 

The following are among the fossils that liave been obtained : — * 



Ichthyosaurus Gommunis. 
Ammonites Conybearei. 

semicostatus. 

Nautilus striatus. 
Belemnites acutus. 
Pleurotomaria anglica. 
Cardinia Listeri, var. oralis. 

gigantea. 

Gryphn arcuata. 
Lima ffigantea. 
Hennanni. 



Modiola scalprum. 
Pecten eequalis. 

eequivalvis. 

— — demissus. 

textorius. 

Pholadomya ambigua. 

Spiriferina Walcotti. 

Extracrinus. 

Serpula. 

Lignite. 



The more abundant forms are GryphcBa, Cardinia^ Pecten^ and 
fragments of Ammonites semicostatus. 

These beds have been traced northwards to the Humber siiore 
east of Whitton^ and southwards to near Northorpe station. 

Where uncovered by Drift, the beds are indicated by a reddish 
soil, and they are exposed in occasional small quarries, near West 
Halton, Coleby, and Thcalby, where the stone is obtained for 
road-metal 

The beds are of Viiriable character, and consist largely of 
ferruginous and shelly limestones, brown, grey, and greenish in 
colour, with layers of ferruginous matter and ironstone. Be Is of 
a profitable character have been worked some distance on either 
side of the Trent, Ancholme, and Grimsby railway, near Frod- 
in^ham station, on Crosby, Scunthorpe, Frodingham, and Brumby 
W^arrens. 

To the south of this tract exposures are few ; ironstone has been 
observed here and there, but for the most part the beds consist of 
rubbly and ferruginous limestone with clay-bands, resembling the 
unproductive beds of the Frodingham quarries.t 

The Frodingham Ironstone is overlaid by a series of blue clays 
and shales, surmounted by a band of shelly ironstone yielding 
Pecten and other fossils, and known as the Pecten-bed. 

Mr. Ussher notes the thickness of the blue clay and shale below 
the Pecten-bed to be 90 feet south of Appleby station (as proved 
by borings), and to be about 140 feet south-west of Kirton Lindsey 
rail way -station. 

The lower portion of the clay has yielded Ammonites Birchit, 
but its fossils are not sufficiently well-known. 

In the upper portion, bands of chert-nodules were noticed by the 
Rev. J, £• Cross, and among the fossils the following may be 
mentioned : — 



* Geology of North Lincolnshire, pp> 21, &c. 
t See UMher, Geol. N. lincolnthire, pp. 81-81. 



LOWER lias; FBOPIXGIIAM. 179 

AmmoDites capricornus. Modiola scalprum. 

Henleyi. Pecten sequivalvis. 



latsKosta. lunularis. 

— — Lpscombei. Pholadomya ambigua. 

raricostatus. Pinna folium. 

— — Taylori. Pleuromya costata. 

Belemnites clavatus. Plicatula spinosa. 

paxillosus. Unicardium cardioides. 

Inoceramos ventricosus. Spiriferina. 

Gryphaea cymbium. \\ aldheimia numismalis. 

Hippopodium ponderosum. | Pentacrinus. 
Lima pectinoides. I 

Thw assemblage is suggestive of the zones of A. armatas, 
A. Jamesoni, and the lower pari of that of A. capricornus. 

Above these cLivs comes a band of ironstone about 4 feet thick, 
named by the Rev. J. E. Cross the *' /tec^ff/i-ironstone." This 

Pecten-bed contains the following fossils : — 

Ammonitefl armatus. Lima antiquata. 

-^— Henleyi. — *- Hennanni. 

' striatus. Modiola scalpruno. 

Belemnites elongatus. | Pecten aequivalvia. 

Cardinia hyjbrida. i lunularis. 

Listen. ' Pleuromya costata. 



Gardita multioostata. 



Tancredia ovata. 



Oypricardia intermedia. Rhynchonella tetrahedra. 

Giyphsa qrmbium. ! variabilis. 

— — gigantea. ! Terebratula punctata. 

This assemblage (with the exception of ^. armatus) is essentially 
one characteristic of the higher stages of the Lower Lias ; the 

Presence of forms like Cypricardia intermedia recalls brds at 
/hipping Norton, which belong in part to Lower and in part to 
MidiUe Lias. The Pecten-bed has been traced from near Winter- 
ingham to the neighbourhood of Kirton Lindsey, but not far 
southwards of that locality. 

Overlying the Pecten-bed there is a series of clays with 
feiTnginous nodules and septaria, over 60 feet in thickness, which 
appear to contain Am. capricornus throughout. No specimens of 
A. margaritatus are known from this division, but it is directly 
overlaiu by the Marlstone Rock, or upper part of the Middle Lias. 
These clays were exi)Osed in the railway-cutting south of Santon 
Warren, where they yielded the following fossils : — * 

Ammonites capricornus. Pecten aequalis. 

Belemnites paxillosus. Pholadomya ambigua. 

Avicula inaoquivalvis. Plicatula spinosa. 

Near Cleatham Grange Hippopodium ponderosum^ Belemnites 
tulfularis, &c have been found. 

Ill the absence of Ammonites margaritatus, and looking to the 
general character of the fauna of these beds, it is best to regard 
them as belonging to the zjne of Ammonites capricornus. 

It is possible that further researches may show that Am. mar- 
garitatus occurs in the top beJs of this clay-series : the zone being 
very much attenuated. The Pecten-bed was however taken as 
the base of the Middle Lias by Mr. U&sher, as it afforded a 
convenient boundary in mapping the district. 

* Ussber, Oeol. K. Lincolnfbire, p. 42. 

H 2 
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Needwood Forest 

The occun-ence of ** Lower Lias" on the high ground of 
Needwood Forest was made known during the course of the 
Geological Survey by J. B. Jukes and Mr. H. H. Howell. The 
beds then traced out, belong to the series now grouped as Rh©tic : 
the only remnants of Lias being fossils occasionally found in the 
Drift deposits. 

Shropshire and Cheshire. 

A tract of Lower Lias occurs in North Shropshire and on the 
southern borders of Cheshire. The area is largely covp.red with 
Drift deposits, to the depth of 80 or 90 feet in places. These 
Drifts consist mostly of sand with a stony soil, or of clay ; but 
being of little economic value they are not often exposed in pits. 

The ground is gently undulating, and it rises from 200 to 
upwards of 400 feet. One of the highest points is at Frees (383 
feet), a little south of the church, where the Middle L'as, ihere 
comparatively free from Drift, forms a prominent hill ; while at 
Ash Magna between Ighifield and Whitchurch the elevation is 
421 feet. 

The occurrence of Lias in this area was ascertained by Murchison 
in 1834, and about 20 years later the beds were mapped for the 
Geological Survey by Mr. A. R. C. Selwyn. 

The main area occupied by the Lias was pointeil out by 
Murchison, who acknowledged assistance received from the 
Rev. T. Egerton and ihe Rev. W. Egerton.* Attention was 
drawn to the subject by sinkings made in search of coal, in the 
district between Whitchurch and Market Drayton. The reported 
*'coal shale" proved to be Lias shale, containing lignite. Thus 
shafls penetrating Lias, were sunk to the depth of 400 feet at 
Wolliston, 300 feet near Cloverly and Adderley, while on 
WoUiston Common a shaft was sunk 240 feet and a boring 
continued to 150 feet more, and numerous fossils were extracted. 
Among the fossils from the Lower Lias of this district, the 
following may be mentioned : — 

Grypbaea arcuata. 

cymbium. 

obliquata. 

Lima gigantea. 

pectinoides. 

Modiola minima (Burley Dam). 
Ostrea irregularis. ? 
Pecten (Burley Dam). 
Pleuromya costata. 
Spiriferina Walcotti ? 
Cidaris. 

Pentacrinus scalaris. 
Lignite. 



Ammonites aneulatus. 

Bucklandi. 

Conybearei. 

planicosta. 

— planorbis. 

semicostatus. 

striatus. 

Belemnites. 

Gasteropods. 

Area. 

Avicula cygnipes (Prees and 

Adderley Brook). 
Cardinia Listeri and vara, ovalis 

and hybrida. 



♦ Proc. Geol. Soc, vol. ii., pp. 114, 115 ; and Silnriao System, pp. 23, 24, 25, and 
Plato xxix., figa.2 and 8. See also G. H. Morton, Proc. Liverpool Geol. Soc, 1863- 
64, p. 2 ; and R. A. Eskrigge, Trans. Manchester Geol. Soc., voL iv. p. 818. 
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GryphiBO arcuata and Cardinia Listeri (var. ovolis and hyhridd) 
are abundant in the Drift near Frees. 

Murchison states that ''some of the sinkings [for coal] produced 
small pieces of jft or lignite like that of Wliitby ; others nearer 
the eacarpment went through the Lias^ and reached brine springs 
in the subjacent red marl."* This was the case in the boring at 
Adderley, opposite Kent's Rough, after piercing black shale, and 
at a depth of 300 feet 

Mr. Henry Ikin informed me that a boring for coal was made 
about } mile S.E. of Frees church, on the low ground at the 
foot of the Marlstone outlier. The site is in a small plantation, 
but no traces of the spoil-heaps are now to be seen. Frobably 
the stone brought up was of sufficient valuo to be removed. 
Mr. Ikin liowever had picked up one thin slab of limestone, of 
Rhsetic aspect, which contains Modiola minima and some other 
fossils. This he kindly presented, as well as other specimens from 
the Middle Lias of Frees, to the Museum at Jermyn Street. 

Murchison remarked in reference to the Lias that ** The western 
boundary is ill defined, owing to the low and featureless form of 
the ground and its being covered by vast accumulations of gravel, 
sand, and peat-bog. It is therefore {)0ssible that the Lias may 
extend in this direction to some distance ; but even assuming that 
it does not, and limiting the boundary by a line passing from 
Wem and Edstaston to Burley Dam, east of Combermere, places 
where the formation has been detected, we find this bowl has a 
length of about 10, and a breadlli of three to four and a half miles.'* 
He adds that ** At Moreton Wood south of Cloverly [near 
Moreton Say] the Lias dips westerly, thus indicating that it is 
there near the eastern side of the basin ; whilst at Audlem and 
Burley Dam, along the north-eastern and northern boundary, the 
strata dip south-west and south, at angles varying from 5^ to 7^.'* 
He further mentions that ** The Lower Lias consists entirely of 
finely laminated shale, as proved by shafts which have been sunk 
on Wolliston Common. In the vicinity of Burley Dam, some of 
the beds are so hard as to have induced Lord Uombcrmere to 
quarry them for slating purposes, and others at the same locality 
being slightly bituminous have very much the mineral aspect of 
Kimmeridge Coal. At Lightwood Green, the shale was found to 
contain nodules of ferruginous cement-stone ; while at Cloverly, 
beneath numerous beds of dark marly shale, occurred one thin 
band of hard white stone with others of a dark colour.^f 

Mr. Ikin has obtained Pleuromya costata from a well 22 feet 
deep at Wolliston, N.E. of Frees. 

Lower Lias was exposed in the banks of the brook (one of the 
feeders of the river Weaver) that rises noilh-west of Bulterley 
Heys, south-west of Audlem. 

* Murohiton mentions borings for coal at Ileathgate, l^Ioreton Wood, Frees 
Wood, Calver Hall (Calvin Wood),. Burley Dam, Marchamlcy, Cloverly, and 
Wolliston Commons, &c. S«l. Syst., p. 23. 

t SiL Sjst., pp. 22, 23. 
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In the little plantation (where a dip of 5 ^ S.S.E. was recorded 
on the Geological Survey Map) 1 found exposures of grey earthy 
marls with ihin layers and nodules of grey and bluish-grey 
limestone, resting on darker grey shidy marls to the depth of about 
4 feet. They yielded no fossils, and from the fact that traces of 
red staining occurred in these marls lower down the stream^ the 
evidence fav(,ured their being of Lower Rhoetic age. Moreover 
a little to the east of the track- way between Stairs and Butterley 
Keys, the banks showed a mass of red clay. Although this might 
belong to the Drift, being in that case rearranged Triassic clay, 
yet its presence in connexion with the grey and led- tinged marls 
before mentioned, favoured the notion of the Rhseti^ age of the 
grey marls in the plantation. 

Lower still down the stream (near Audlem) there was exposed 
from 4 to 6 feet of unmistakenble Lower Lias as follows: — 

Ft. In. Pt. In. 

Grey i nd rusty yellow clay passing down into 
blue shaly clay with Cardinia Listeri and 
lAma gigantea - - -40to60 

Band of limestone with Lima gigantea - 2 to 3 

Grey shales in bed of stream, dipping gently 
towards the N.W. 



Lower Lias^^ 



Ammonites angulatus and Gry-phaa arcuata were found here by 
the Rev. T. W. Norwood of Wrenbury ; and Mr. C. E. De 
Kance has obtained Area and Ostrea irregularis'} If we regard 
the beds seen higher up the btream as Rhsetic, there must be a rault 
a little east of the track-way before mentioned. 

North-west of the church tit Burley Dam, there is a plantation 
th.rough which a stream has cut into the Drift, and exposed in its 
banks, and on its bed, hard greenish mails. They are overlaid by 
red and variegated marls, evidently Keuper, and I could detect no 
iraces of Bhaetic Beds where a dip of 8° 8.S E. is marked on the 
Geological Survey Map. 

Evidence has been obtained for extending the Lias further 
westwards, and eastwards probably also, while the boundary taken 
on the north, near Burley Dam, must be 1 ronght a little further 
souih. Thus the Rev. T. W. Norwood has discovered traces of 
Rhaetic beds and Lower I^ias in the banks of the stream, north- 
west of Heald, between Frith Farm and Wrenbury Wharf. 
He obtained Pleuromya crotccomhciay and shales with Cardium 
7^hceticum. 

A specimen of Ammonites stnatus was procured by Mr. Ikin 
from Fauls Green east of Prees. In this case the Lias is perhaps 
faulted against the Keuper Marls, as shown on the Survey Map, 
although the former formation should extend further east to the 
fault. Mr. Ikin also obtained a specimen of Lias rock with 
Grgphcea obltquata, Lima, and Belemnites from the bank of a road- 
cutting near Marchamley, between Marchamley and Hodnet. 
I was unable to verify its occurence in situ; the block was 
probably proeured from the Drift. 
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The eyidence obtained in this area, goes to show that we have, 
resting on the Bed Claris and Rhsetic Beds, a succession of 
Lower Li&s beds that exhibit similar characters to the beds in 
Glonceitershire and Worcestershire, and afford evidence of the 
zonos from that of A. planorbis to that of A. Jamesoni or 
A. Henleyu 

Cumherlamh 

Extending over a considerable tract to the west of Carlisle, 
there is an outlier of the basement-beds of the Lower Lias. 

The area is for the most part a plateau, and this is more marked 
between Aikton and Great Orton than further east. Geologically 
speaking it is a somewhat dreary country, for the most part 
covered with a thick accumulation of earthy Drift gravel; and 
we have therefore the same difficulty in fixing the limits of the 
subjacent Lias, as in the larger Drift-covered tract in Shropshire 
and Cheshire. 

The presence of the dark shales of the Lias in this part of 
Caml)erland, has led during the past 250 year<« to a number of 
borings in search of coal ; but the identification of the Lias, 
originated with Mr. K. B. Brockbank, who found Ammonites and 
other fossils in the shales exposed in the banks of Thomby Brook, 
south-east of Aikton. The specimens were sent to E. W. Binney, 
who in 1859 published an account of the strata; he noticed the 
presence also of limestones with Lower Lias fossils at Quarry- 
Gill, near Aikton, where the stone had formerly been excavated.* 
At Wiggonby a bore-hole had been put down 120 feet into dark 
shaies^and near Great Orton a boring made in 1781^ reached blue 
stone below the Drift, at a depth of 18 feet from the surface, and 
after passing through " different stone, mostly bluish," to a depth 
of 228 feet, passed into the New Red rocks. 

The evidence has been carefully studied by Mr. T, V. Holmes, 
who constructed the Geological Survey map of the area ; and he 
discovered a third exposure of dark shale with bands of limestone, 
in a brook between Great Orton and Flat. Tiie Lower Lias 
consists of shales with bands of limestone, some of them sandy and 
micaceous ; and it has yielded Ammonites Johnsfoni, Gr^phcea 
arcuata, and Ostrea. 

The Ammonite has been found at ihe three exposures of the 
Lias, and tijus there is no evidence to show that any beds above 
the zone of A, planorbis are preserved in the area. 

The question is whether any of tlie strata passed through in the 
Orton boring, can be referred to the Rhastic Beds. Mr. Holmes 
remarks ihat their existence *^ in this district is, and is likely to 
remain, an open question." lie has expressed the opinion that 
the Lias probably rests on the Gypseous Shales west of Great 
Orton, and on the Kirklinton Sandstone east of that village ; the 



♦ Quart. Jouin. Gcol. Sec, vol. xv. p. 550 ; see also Sedg>vick, Trans. Geol. Soc., 
ser. 2, vol. iv. p. S83. 
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Sianwix Marls underlying ilie Lias only in the neiglibourhood of 
Bellevue. He considereil iliat tlies>e tl^ree sub-divisions of the 
Nev/ Red Series were all uuconformable to each other. He has, 
however, admitted the jwssibility that the Stanwix Marls, which 
he groups as Keuper, may overlap the two lower I'urmations 
(Kirkliutim Sandstone and Gypseous Shales), and underlie the 
Lias throuf»hout the area * 

No evidence of Rhretic Beds is forthcoming from any part of 
the area, and 1 searched carefully in the Drift-deposits, to sec if 
any fragn:enls had been preserved \\\ them ; but without success. 
Nevertheless it appears to me most probable that they are repre- 
sented, when we bear in mind that they are nearly always present 
in other parts of this country where ll)e Lias rests upon the New 
Red Seriep. At any rale the Great Orton Boring gives us a 
thickness of 210 feet for the Rhsstic Beds (if present) and zone of 
Annncnitts planorbis. 

With regard to the extent of the Lias, Mr. Holmes has marked 
the boundaiy a liithi south of Great Orton, west of Aikton, and 
nortli of Kirk Bampton. All the known sections, as he remarks, 
are between Great Orton and Aikton ; but he infers that the 
Lias ccmcs as near Carlisle as Bellevue, or a little nearer. 

* Qiiuit. JoarD. Gcol. Soc, vol. xxxvii. pp. 294-297 ; Proc. Geo). Auoc., 
vol. vii. pp. 417, &c. ; and vol. xi. pp. 243, &c. 
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CHAPTER VII. 
MIDDLE LIAS. 

General Description. 

Th£ Middle Lias consists in its lower portion of bluisli-grey 
micaceous marls and clajs^ passing upwards into laminated sands 
and clays with nodular layers of limestone and calcareous sand- 
stone. These beds, in places, are surmounted by yellow micaceous 
Bands, with indurated masses or *' doggers " of calcareous sand- 
stone. The higher portion of the Middle Lias comprises variable 
layers of stone, to which the name of "Rock Bed" is sometimes 
applied, but the beds are more usually grouped under the general 
name of Marlslone. 

The term Marlslone was at first employed by William Smith 
(1815-16), to include not only the Middle Lias "Rock Bed," but 
the basement limestones of the Upper Lias, argillaceous limestones 
for which the name Marlstone was especially appropriate. The 
term now is restricted to the Middle Lias, and is sometimes 
employed, as Marlstone Series, to embrace the entire formation. 
The Marlstone proper, or upper portion of the Middle Lias, 
includes, in places, beds of yellow micaceous sand and sandstone 
(before noted), but its moat characteristic strata are beds of tough 
iron-shot and earthy limeistone that occasionally contain small 
calcareous nodules. These beds, where unweaihered, are blue or 
greenish-grey in colour, but near the surface they become brown, 
and being extensively quarried they are then known as the ^ Brown 
Kock.'' These earthy limestones pass on the one hand into 
calcareous sandstones, and on the other into valuable beds of 
ironstone. The iron-shot grains that occur in some of the beds, 
are tiny spheroidal grains of peroxide of iron, that sometimes 
exhibit oolitic structure ; but as noted in reference to beds in the 
Lower Idas, an iron-shot appearance may be independent of true 
oolitic concretions. 

The Middle Lias is thus on the whole more variable in character 
than either the Lower or Upper Lias. 

The beds of sand that occur above the clays in Dorsetshire and 
Somersetshire, assist in forming an escarpment in these southern 
counties, but the sandy beds are less defined in Gloucestershire 
and Oxfordshire, and are nowhere very prominently exhibited in 
the country nortliwards to Lincolnshire. In Yorkshire the lower 
part of the Middle Lias has been called the " Sandy Series,*' and 
tlie upper part the •* Ironstone Series '* ; so that the general 
characters of the subdivisions are there maintained. 

The Kock Bed, which is but feebly represented on the Dorset- 
shire coast, is nowhere well developed in the aren near Beaminster. 
Further north it attains some importance at Ilminster and South 
PetherCon, but eastwards, near Yeovil and South Cadbury, it is 
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but a thin band. Some of the layers at the eastern end of the 
Mendip range, are conglomeratic, and contain pebbles of Car- 
boniferous Limestone. Thence to Bath the Bock Bed is probably 
represented by soft beds. In Gloucestershire it is well developed 
near Wotton-under-Edge and Dursley, but near Stroud it is 
insignificant as a Rock Bed. Eastwards at Bloxharo, Adderbury, 
and King's Sutton near Banbury, it becomes a well-marked 
formation, and has been extensively worked as an iron-ore ; while 
further north at Edge Hill it furnishes an important building- 
stone. Near Market Harborough the stone-beds are again feebly 
represented, but near Melton Mowbray and onwards to Gh*antham 
there are further valuable beds of ironstone. Northwards in 
Lincolnshire the stone-beds are but occasionally developed to 
any prominent degree. 

The Middle Lias has been divided into two zones^ as 
follows : — 

JMarlstone of variable thiok- 
^ *^ ' Micaceous sands with in- 

durated bands. (Local) 
^ Laminated sands and clays 

j^ .. ., - /c'. ^^v with indurated bands. 

Ammonites margaritatus (cm. dd)< m • « ... 

^ \ -o /^ glue micaceous clays with 

[^ nodules of limestone. 

Ammonites margaritatus is not confined to the lower beds, bot 
some of the finest examples occur in the same beds with A. spinatus 
in many localities. North of Cheltenham, as remarked by Dr. 
Wright, it is difficult to separate the beds belonging to the zones of 
Ammonites spinatus and ^. margaritatus.* 

Fossils are usually to be met with in abundance in the 
Marlstone. The sands as a rule are not fossiliferous. The 
laminated beds are rarely exposed inland, but the blue clays are 
used for brick-making, and usually yield small specimens or 
fragments of A, margaritatus. 

The thin bed ot Marlstone exhibited on the Dorset coast 
includes a layer which lias yielded, among other fossils, a great 
many Gasteropoda, and this has been termed the Pleurotomarta- 
bed ; but the Rock Bed there represents only a portion of the 
Marlstone of other localities. 

North-east of Banbury there is a remarkably rich bed on top 
of the Marlstone ; it yields in abundance Ammonites acutus, and 
has been termed the zone of that fossil. The term " Transition- 
bed " has also been applied, for in some respects it presents 
evidences in its fauna of a passage between the Middle and Upper 
Lias. No doubt it is approximately on the same horizon as the 
Pleurotomaria-hed of Dorsetshire, as pointed out by Mr, E. A, 
Walford and Mr. Beeby Thompson ; and they have suggested, 
with good reason, that it may represent the zone of Ammonites 
annulatus, which forms a distinct horizon at the base of the Upper 
Lias of Yorkshire. 



♦ Wright, Lias Ammonites (PalsBontograph. Soc.), p. 94. 
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The total thickneBS of the Middle Lios in Dorsetshire is 
345 feet; in Somersetshire, from a few feet to 230 feet; in 
Oloacestershire, it is from 60 to about 280 feet ; in Northampton- 
shire (Kettering) and in Lincolnshire (Grantham) 150 feet. 

Throughout the Jurassic Series there is probably no more 
definite plane of separation than that between the Middle and 
Upper Lias, for the so-called Transition-bed is so thin that it 
newhere interferes with the boundaiy-line. The basement-beds 
of the Upper Lias are pale, earthy, and compact limestones, that 
oocur in a more or less interrupted or ncdular form, in clays, and 
they yield Ammonites bifrans, A. communis, A, serpcntinus or A. 
fatcifer, and other species in fair abundance, although some of 
them occur sparingly in the Marlstone. Lithologically, palasonto- 
logically, and stratigraphically there is rarely any difficulty in 
deciding the junction, except in a few localities where the Uock 
Bed of the Middle Lias is not developed. 

While the Upper Lias is generally to be distinguished from the 
Middle Lias, it is a matter of great difficulty to fix a divisional- 
plane between the Middle and Lower Lias. This arises from the 
&ct that the division has been taken in a series of marls and 
days, it is established entirely on palaeontological grounds, and 
authorities differ on the question where it si ould be taken. 

It matters but little where the division is taken under such 
circumstances, so long as the same approximate ^tratigraphical and 
paliaontological horizon is adopted. On the^ Geological Survey 
Maps the line of demarcation has generally been taken at the base 
of the zon^ of Ammonites margaritatus — although exceptions occur, 
inasmuch as near Banbury, the blue cloys containing this Am- 
monite have been included with the Lower Lias. Such incon- 
sistencies are likely to arise when the mapping depends on 
palesontoiogical evidence, for this evidence is not always forth- 
coming. Frof. Green in discussing this question, has suggested 
that it would be better on the Geological Maps to survey simply 
on lithological grounds — separating the Clays, Sandstones, Iron- 
stones, and Limestones, and ^^ leaving it to the palseontologisc to 
decide to which of the three subdivisions the strata distinguished 
on the map ought in each locality to be assigned."* 

Such a plan undoubtedly would best serve economic purposes, 
and it might, perhaps, be adopted without neglecting at the same 
time to indicate the strata that are on the same stratigraphical 
horizon ; for we have seen that the development of limestones in 
the lower portion of the Lower Lias is subject to much variation, 
and that by attention to the foesils it is possible to mark 
approximately the different stages of the formation. In the same 
way an approximate boundary (for there is no real bounilary), 
can be drawn l)etween Middle and Lower Lia^j by separating the 
deposits in which here and there Ammonites capricornus and A. 
Henleyi may be found in fair abundance, from those yielding 
A. margaritatus. 

♦ Review of" The Yorkshire Lias," Nature, Decemhcr 7, 1S76, p. 114. 
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As we know that some species of AmmonitcB range from Lower 
to Middle Lias, or from Middle to Upper Lias^ it is of course 
hazardous to state that any one of the zonal species occurs only 
within certain limits. The evidence^ indeed, is opposed to such a 
supposition^ and we arc sometimes in great difficulty to decide 
wliether locally a species has a higher range than usual, or 
whether some of the strata are very much attenuated. This is the 
case in Lincolnshire where we must either group strata yielding 
A. capricornus in the Middle Lias, or conclude that the zone of 
A, margaritatus is present only in a very attenuated form. At 
Staithcs in Yorkshire, A. capricornus (small specimens), and 
A. margaritatus orciir together in beds that are grouped as 
Middle Lias* ; and I have found the two species in the same bed, 
in the lower part of the Middle Lias of Raasay. 

The difficulties in this and other cases arise from the ne^d of 
fixing some artificial boundary for the purposes of mapping the 
strata and indexing the fossils ; and the only plan to adopt, is lo 
group the beds where -^. capricornus is prevalent with the Lower 
Lias, and those yielding A. margaritatus with the Middle Lias ; 
\vhile admitting that here and there passage-beds may occur in 
the midst of wliich a doubtful boundary must for convenience be 
drawn. The different groupings adopted by geologists with refer- 
ence to the lower boundary of the ^liddle Lias, have been 
elsewhere stated (see p. 33). 

That there was no great break between the Middle and Upper 
Lias is indicated by the conformity of the strata. But we have 
a general change from calcareo-arenaceous strata to those of a 
calcareo-argillaceous tyj)e ; and there is evidence in the very 
foBsiliferous character of the Marlstone, and the great variety of 
species locally preserved, of slow and scanty deposition of 
sediment followed probably in places by an absence of deposition 
for a time.t 

The Marlstone in several localities has yielded forms of an 
Upper Lias character, species identified by some authorities as 
Ammonites annulatuSy A. communis^ A. crassuSj A. Holandrei, 
A. serpentinus, &c., having been obtainel from the Rock Bed. 
(See p. 245.) At the present day when more attention is paid to 
minute differences of form, and the species of old authors (unfor- 
tunately) are split up more and more into other so-called species 
or ^' mutations/' great difficulties attend all identifications. It 
is^ however, sufficient for our purpose if we recognize the incoming 
of Upper Lias forms during the closing stages of the Middle Lias. 
It may be indeed that the new comers became to a certain 
extent commingled witli the earlier forms^ in the still unconsoli- 
dated mud of the Middle Lias ; but on this point we can only 
throw out the suggestion^ while stating the fact of the preservation 
of Upper Lias Ammonites in the Marlstone. 



* See Wright, Liai Ammonites, p. 97, And Fox-Strangwayt, Jurassic Books of 
Yorkshire, p. 76. 

t See also J add, Geol. Rutland, p. 65. 
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The Fauna of the Middle Lias is not by any means so rich as 
that of the Lower Lias, Vertebrate remains are but rnnly Ibiind. 
Occasional bones of /c/i(Aywauru« and of Thaumatosaurus (I'le- 
notaurut) represent ihe Reptiles; and of Fishes wo find only 
here and there remaicis ot Hybodus and Lepidotus. Of Mulliisc.i, 
ihe Ammonites inclade A. acutns, A. Engetba'-dti, A. Jimbriatut, 
A. margaritatus, nnd A. spinatua. Forma like A. Bechei, 
A' capncormu, A, Loscombei, and A, strtatua, clinructerisiic of the 
higher beda of the Lower Lias have been recorded, but as will 
be seen, it is moat dilHcnlt to draw any satisfnctcry plane of 
diviiion between the strata of Lower and Midtile Luis. Belem- 
nitesare abundani, more especially in tlie Marlstone, and this 
divinon (including ibe Transition Bed) has jiflded a. Inrge 
aesemblagfl of Costeropodn, belonging to the genera Actwoiiina, 
Cerithium, Chemnitzia, Cryptania, Dlscohelix, Pleurolomaria, 
Solarimn, Trockus, and Turbo. Denlalium also occurs. Of 
lamellibrancha we have a large series of genera inclnding 
Area, Arcomytt, Astarle, Cardinia, Cardium {Protocardium), 
CueuUaa, Cypricardia, Gon iomya, Gryphaa, Hinmtes, Leda, Lima, 
Modiola, Nucula, Ostrea, Pecten, Pboladomya, Pinna, Pleuromya, 
Plicatula, Unicardium, &c. Bnichiopoda are especially abundant 
in the Marlstone, and int'lude Lfplana and Kcnhickella, Rliyn- 
ehonetta, Spiriferina, Terebratula, fValdheimia, and Thecideum. 

Crustacea, Polyzoa (rarely), and Annetides are likewise found 
in the Marlvtone. Echinodermala as a rule nre not abundant. 
Crinoidal fragments however enter largely into the composition 
of certain beds ol Marlstone, and Bome of the hard beds of cal- 
careous sandstone in the lower strata yield Op/uodenna, Tropid- 
atter and Vraster. Corals are represented by ocou'ional species 
of MentUvaUia, Thamnattrtsa, and Thecoimilia. Sponges i>ave 
been recorded, and many species of Foraniinifera have been 
identified. 

The Flora is at present mainly indicated by the occurrence of 
ondetermined "* plant-remains " and lignite. 

Middle IjIas Fossil?. 
Fiu. 54. 




FlO. 54. Ammimilet maryorllalui, Mont, }. 
,, 55. „ sptnalui, Bnig., ). 
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Middle Lias Fossils. 
Fio. 5i. Fig. 57. 





Fig. 66. Modioia icalprum. Sow., i. Lower and Middle Liu. 

„ 57- Oryphaa eymbiam. Lain., ^ Lower tad Middle liH. 

„ 58. Carditm truncatwit. Sow.. J. 

„ 59. B«lamitet j)aMlloiiu, SdhXMi. i- Lower And Middle Liu. 

„ 60, Ptctm teqnieahii, Sow. f. 
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It mtut be remembered tbat, owing to the prevalence of Am. 
mtuyaritatut in the upper beds, the occurrence of this index- 
speoiea is not to be depended upon for the identificiilion >if the 
zone. A. tpinatus also (though rarely) has been recorded from 
the lower beds^ so that the distiaciion between these zones is for 
the most part a matter of local convenience, dependent maioly 
on the developmeat of the Rock Bed in the upper part of the 
formation. Feraonally I am unable to confirm the statement that 
A. tpinatuM occurs in the lower beds of the Middle Lio?. {See 
p. 240). 

The more abundant and characteristio fussils of the Middle 
Lias may be stated as follows : — 

Zone of Ammonite! margaritatus, (fig- 54.) 

Belemnites clavalus. (Pig. 22, p. 47.) 

ctongatus. 

Area Stricklandi. 

Aricula (Monotie) inEequivalvis (sinemurieiisis). 
Cardium (Protocardium) tnincatum. (Fig. 5S.) 
Cypricardia intermedia. 
Gresslya intermedia, 
■ -— Innulutd. 
Leda comptanata. 
Modiola scalprum. (Fig. 56.) 
Pecten lunularis (liasinus). 
Pboladomya ambigoa. 
Pleurottiya costata. 
Plicatula spinosa. (Fig. 31, p. 50.) 
Ditrupa circinata. 
Ophioderma Egertoni. (Fig. 64.) 
Milleri. (Fig. 65.) 



Middle Lias Fossils. 
Fio. 61. 




TUtynelunulla ttlraktdra. Sow. (nit. me). 
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Middle Lias Fossils. 

Flo. 6*. 




Fio. Cy2. Trrrbralula puiielala, Soir. (nst, size). 

„ 63. Serpida lelragona, Desl. X 2. .., 

„ M. Opkioderma Ei/trloJii, Brod. ). 
., C5. .. mileri, Pha. }. 
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Zone of Ammonites spinatus. (Fig. 55.) 

Ammonites Engelhardti. 

iimbriatus. 

margariiatiu!. (Fig. 54.) 

BelemDites breviformis. 

compressus. 

elongatus. 

paxilloBus. (Fig 59.) 

Nautilus truncatu8. 

Cerithium ferreum. 

Cryptsenia expansa. 

Pleurotomaria angiica. (Fig. 27, p. 49.) 

rustica. 

Trochus lineatus. 
pethertonensis. 

Turbo rugiferus. 

Dentalium elongatum. 

Ayicula inasquivalvis. 

Cardinia conciDna. 

Cardium truncatum. (Fig. 58.) 

Goniomya hybrida. 

Gbesslya intermedia. 

Gryphaea cymbium (MaccuUochi). (Fig. 57.) 
gigantea. 

Hinnites abjectus. 
velatus. 

Lima pectinoides. 
punctata. 

Modiola scalprum. (Fig. 56.) 

Ostrea sportella. 

submargnritacea. 

Pecten sequivalvis.* (Fig. 60.) 

dentatus. 

lunularis. 

textorius. 

Fholadomya ambigua. 

Pleuromya costata. 

Unicardium cardioides. 

- subglobosum. 

Kbynchonella acuta. 
— — amalthei. 

serrata. 

tetrahedra. (Fig. 61.) 

Spiriferina rostrata. 



* Domortier uses this species to characterize the beds — terming them the zone of 
Pecien ctquivalvis. 

E 70859. N 
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Terebratula punctata. (Fig. 62.) 

Waldheimia indentata. 

quadrifida. 

var. cornuta. 

resupinata. 

subnumismalis. 



Diastopora oolitica. 
Ditrupa quinquesulcata. 
Serpula letragona. (Fig. 63.) 
Pentacrinus laevis. 
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MIDDLE LIAS. 
Local Details. 



Dorsetshire. 



The general character of the I^ias cliffs on the Doreetahire 
coast has already been pointed out (p. 54). In these cliffa the 
Middle Lias exhibits the following HubdivisioDS :^ 

Upper Liu. Compact pale yellow and pink limcatoue, joined to thelayet 
bdow, aiid fonuiog a Junction>bed. 



'5 I , !!■ BroiTO and greenish-grey nodular 
~ d iron-shot limestone 



9. Yellow and broivn 

with huge indurated muses or 
Doggers - - - 50 

8. Bluish.brown micaceous sandy 

cla« - - - . 16 

7- Hard lilue and brown ferruginous 
sandy Umestone (Margaritatus- 
Btone of Mr. Day) - - 1 

6. Blue and grey laminated mica. 
oeous sands and clays, with 
nodules and bands of hard 
flaggy micaceous sandstone - .'lO 

5. Hard cluiah - grey shelly and 
sandy limestone, with Penta- 
crinites : in one or two beds 

1 5 to 2 3 

4. Blue and brown micaceous sands, 
clap and sandy marls with 
ferruginous lavers and small 
iron stone-no dulea, and occa- 
sional nodules or lenticular 
beds of blue limestone - 40 

3. Starfish. Bed. Hard greenish-grey 
micaceous and calcareous sand- 
stone - - - - 4 6 

2. Bluisb-grey micaceous marl and 
clay, with occasional indurated 
bands and nodules of grey 
earthy Umestone - - 15S 6 

1. Three Tiers. Three thick bands 
of fissile micaceous and cal- 
careous sandstone, separated 
by micaceous sandy clay with 
concretionary masses of cal- 
careous sandstone • - 35 
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These beds vary a little ia detail at different points, while 
measurements vary also, perhaps owing to the beds being more 
compressed in some places than in others, and to the irregular 
passage from one type of sediment to another. 

In passing eastwards from I.^yme Regis, we find traces of the 
lower beds of the Middle Lias in Stonebarrow and Westhay Cliffs. 
Tumbled blocks of the Three Tiers may be observed here and 
there above the platform formed by the ** Green Ammonite" and 
" Belemnite Beds," but the strata between the higher and lower 
cliffs are much obscured by a wreck of Cretaceous material. 

In Golden Cap the lo\nrer beds of the Middle Lias are well 
exposed in the central portions of the cliff. About 80 feet from 
the base, the Three Tiers stand out prominently above the Green 
Ammonite Beds, and form ledges over which several springa fall 
after traversing gullies in the overlying clay. Large tumbled 
blocks of these Tiers and other rocks protect the base of the cliffs 
and form a small headland. (See Fig. 41, p. 52.) 

The various divisions and their fossils have been described in 
much detail by Mr. E. C. H. Day,* with whose measurements 
my own for the most part agree. The term ** Three Tiers " was 
applied by him, to three massive layers of fissile micaceous and 
calcareous sandstone, which form a conspicuous feature in the 
lower part of the high cliffs of Golden Cap. The stone is of much 
the same character as the ^' Starfish Bed '^ which occurs at a higher 
horizon, but the Three Tiers are more flaggy. The Tiers are each 
from 2 feet to 4 feet 6 inches in thickness, and are separated 
bj^ 10 to 12 feet of micaceous sandy clay, containing concretionary 
masses of calcareous sandstone. The entire thickness of these 
strata varies from 30 to 40 feet. I obtained, through the late 
Robert Hunter, one specimen of Ammonities margaritatus from 
these beds, and Mr. Day has noted the occurrence in them also 
of A, ^mbriatuSf A, Loscombei, and bones of Saurians. 

Above the Three Tiers we have a considerable thickness of 
blue micaceous marls, containing ironstone-nodules, iron«pyrites, 
and small irregular limestone nodules. Mr. Day notes the 
occurrence of Ammonities Loscombei in these beds, as well as 
A, margaritatus. At a height of about 95 or 100 feet above the 
Tiers, there is a nodular bed of bluish-grey micaceous and 
calcareous sandy rock, rather shaly in the upper part and about 
3 feet in thickness. It is conspicuous in Golden Cap. Penta-' 
crinuSi Belemnites^ and Lucina occur in the bed. Between tliis 
nodular bed and the Starfish Bed, there are about 60 feet of 
micaceous marls, with occasional indurated bands and nodules of 
grey earthy limestone. The entire thickness, about 160 feet, is 
represented in Golden Cap ; but at some points this estimate 
appears to be excessive. 

Above these blue marls and clays come the Starfish Bed, and 
the lower portion of the Laminated beils,t which lie beneath the 

♦ Day, Quart. Journ. Geol. Soc., vol. xix. p. 278 ; see also Wright, Lias Ammo- 
nite (Pal. Soc.), pp. 89, 90. 

t These are the " Sands ** shown beneath the Upper Greensand, in Horisontal 
Section, Sheet 29. 
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Oretaceous covering that forms the upper part of Golden Cap. 
The higher portions of the Middle Lias can however be studied 
to more advantage in Down Cliffs and Thornconibe Beacon, east 
of SeatowD. Here the lower portion of the cliffs consists o£ blue 
clays yielding Ammonites margaritatuSy thus differing from the 
days at the base of the cliffs under Golden Cap, where A. 
lattBcosta was the characteristic fossil. A fault with a down- 
throw of from 190 to 200 feet accounts for this change, for the 
Three Tiers are depressed beneath the sea-level, and we tind 
only the upper portion of the overlying blue clays exposed to 
view. Here, as at Golden Cap, the beds undulate a little, and 
while there they present a gentle synclinal which may have 
hel})ed to preserve the hill, at Down Cliffs and Thorncombe 
Beacon there are two undulations, but the beds on the whole are 
more distinctly inclined towards the cast. Thus the thickness of 
the blue clays under the higher portions of these cliffs, varies 
from 50 to 90 feet, decreasing eastwards to about 35 feet at Eype. 
Many small and often fragmentary specimens of A. margaritatus 
may be ootained, sometimes partially embedded in the limestone- 
nodules. Belemnites elongatuSy Leda graphica^ &c. also occur, 
together with Ammonites Beckei, A, Loscojnbei, Belemnites 
elongatuSy Amberlega, TrochuSy Dentalinm etalense, Cardium, 
Cypricardia, Pleuromya costatiiy Plicatula spinosa^ Uiiicardinm 
globosum. ?, and Rhynchonella serrata ; fossils which 1 obtained from 
the lower clays exposed between Seatown and Eype, and which 
were identified by Messrs. Sharman and Newton. 

Mr. Day noticed a band of shelly marl beneath the Starfish 
Bed, and obtained from it a number of fossils, including Pleuroto- 
maria angUea and other Gasteropods, Cucullceay Hippopodium, 
Waldheimia comuta, CidariSy PentacrinuSy &c.* 

The Starfish Bed forms a marked layer above these blue clays. 
It is a thick and somewhat nodular or interrupted bed of greenish- 
grey micaceous and calcareous sandstone, stained pink or red in 
places. It attains a thickness of 4 feet 6 inches. The upper 
portion of the masses of rock, is more or less irregular and rounded, 
and sometimes the top layer for 4 or 5 inches splits off. The 
lower surfiice of the stone is quite smooth and flat, and this splits 
off in thin layers in places. Large blocks of this rock in irregular 
pentagonal and quadrangular masses, sometimes 8 feet across, 
occur on the slopes, or lie strewn on the beach between Seatown 
and Eype ; and where the smooth lower surface of the bed lies 
uppermost and can be examined, it will be seen to be characterized 
by numerous oblong or square holes, extending an inch or more 
into the dense rock. These are spaces whence the Starfishes 
liave been chiselled out by fossil-collectors. Hardly a trace of 
these organisms has escaped them — even the blocks a short 
distance out at sea have yielded up their fossil treasures. These 
fallen blocks, as well as tumbled material from other beds, form a 
protecting fringe along the coast. Ferruginous springs are thrown 

* Qaart. Journ. Geol. Soc, yoI. xix. p. 292. 



198 LIAS OF EXaLAl^D AKD WALES: 

out at the base of the Starfish Bed as well as at other levels in the 
clifTs. The position of the Starfish Bed as a part of the Lias, 
was noted by Lonsdale.* Two species are recorded from it, 
Ophioderma Egerloni and O. tenuibrachiata, (See Fig. 64.) 

Above the Starfish Bed, come the Laminated Beds, a series of 
micaceous and ferruginous sandy clays and marls (the **Grey 
and Brown Sands with Nodules "' of Mr. Day) having in places 
a banded appearance ; and these beds, which throw out ferru- 
ginous r.prings, are surmounted by more distinctly laminated 
micaceous sands and clays, with bands of hard micaceous and flaggy 
sandstone, that exhibit current-bedding and occur in isolated 
masses. The full thickness of these beds, from the Starfish Bed 
to the base of the Yellow Sands, is about 90 feet. 

Between these beds there is a layer of hard bluish-grey shelly 
and sandy limestone, occasionally separating into two beds, and 
from 1 feet 5 inches to 2 feet 3 inches in thickness. It occurs about 
100 feet up in Down Cliff, about 130 feet up under Thorncombe 
Beacon, and is seen also in Eype Cliff. It contains Pentacrinus 
gracilis and Starfish, and is sometimes made np of fragments of 
these organisms. Mr. Day notes the occurrence of Gryph(Ba 
cymbium, Pecten ceqiiivalviSy and Plicatula spinosa in these bedsit 
I have found Ostrea irregularis at Eype. 

On the top of the Laminated Beds there is a hard blue and 
reddish-brown ferruginous sandy limestone, fissile at the base, 
occurring at a height of about 200 feet in Down Cliff. It forms 
a conspicuous red band about 1 foot in thickness. Among the 
fossils, which can be best obtained from fallen blocks, are Belent" 
nites, Grgphcea cymhium^ Lima, Pecten {equivalviSf Spiriferina 
pinguis^ Rhynchonella serrata, &c.f This is the " Margaritatus 
stone " of Mr. Day, and he notes the occurrence in it also of 
Ammonites JhnbriatuSy A. margaritatus^ Nautilus^ Plicatula 
spinosa, Rhynchonella tetrahedra, JValdheimia quadrifida, &c. 

Above it there is a band of pale bluish-brown or light grey 
clay, from 6 to 20 feet thick ; this is overlaid by the Yellow 
Sands, the downwash from which in some places obscures this 
otherwise conspicuous band. 

The Yellow micaceous sands (" Brown Sands and Sandstones,** 
of Mr. Day) resemble those at the base of the Inferior Oolite, 
and were indeed included in that formation in De la Beohe's 
section of the cliffs.§ These sands are often cemented into a hard 
rock, in bands with ferruginous joints, and in the form of huge 
rounded concretionary masses or Doggers, of which many 
examples are to be seen on the foreshore. The beds do not> 
however, exhibit the marked alternate bands of sand and sandy 
limestone which characterize the Midford Sands at Bridport 

* See Broderip, TraoB. Geol. Soc., ser. 2. vol. v. p. 174. A specimen of Opkifh- 
derma Egertani was figured in the London Geological JoanOl (1847), Flats 19, at 
from the ^ Inferior Oolite ** of Decset. ... 

. t Qai^rt. Joum. Geol. Soc, vol. xix. p. 292. 

I See also J. F. Walker, Bep. Brit. Awoo. for 1S90, p» 799. 

I Trans. Geol. Soc, ser. 2, vol. i., Plate Tiii. 
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Harbour. They vary from 40 to 55 feet in thickness, and extend 
throaghout the Down and Thorncombe ClifTs, obscured here and 
there by a downwash of blue clay from the Upper Lias above. 

Above the sands there is another band of grey marly and sandy 
day, 10 or 15 feet thick, which is overlaid by the rock-bed that 
fozms a junction between the Middle and Upper Lias. 

Mr. Day has recorded from these sandy strata Ammonites 
Becheiy A, spinatus, Nautilus y Belemnites, Aricula, Goniomr/a, 
Pecten, Pinna, and Plicatula,* 

The Junction-bed of the Middle and Upper l^as is made up 
of two layers, the upper of which consists of compact pale pink,. 
yellow, or cream-coloured limestone with irregular surface; it 
is much iron-stained in places^ and from 1 foot 4 inches to 2 feet 
6 inches in thickness ; from this portion I have obtained Ammonites 
Ufrons, A» stria tulus, A. serpentinus, and BeUmnites. 

The lower layer is a bed of brown, grey and greenish-grey 
iron-shot limestone with nodules, about 8 inches in thickness : it 
contains Rhynchonella acuta ^ Belemnites compressus, &c. A 
marked ferruginous seam divides these layers, and aids the 
splitting up of the rock. Mr. Etheridge in 1861 detected Upper 
Liaa fossils in the upper part of this band of rock, and a short 
time Inter Mr. Day discovered Middle Lias fossils in the lower 
lower portion of the bed. 

The fossils, perhaps, have not always been collected with a due 
regard to their precise position in this Junction-bed ; and the 
following Ammonites are said to occur throughout it, in both 
Middle and Upper Lias: — A. cominunisy A, serpen tinns, A. crassus, 
A. annulatusy and a form recorded as *' A. radians " by Mr. Pay, 
probably the same as that here noted as A, stn'atulus.f 

It is impossible to collect from this bed in situ, owing to it? 
inaccessible position, but one can climb up near enough to examine 
its position and general characters : while on the beach after a 
little experience, this and other beds can be readily identified 
among the tumbled blocks. 

The same Junction-bed may however be seen in a brickyard 
and in the road-cutting north of Allington, where the section is 
as follows : — 



Upper Lias. 



Middle 
Lias. 



r Brown and blue micaceous and 
J sandy marls - - - 

I Pale compact and pink-stained 
L limestone - - - 

'"Brown and blue ironshot lime- 
stone with veins of calc-spar - 
Brown sandy micaceous marls 
with Belemnites 
•^ Brown and blue ironshot lime- 
stone with Belemnites, Rhyn- 
chonella - - . 

Yellow sandy micaceous marls - 
I Yellow micaceous sands. 



6 feet shown. 
*> in. to 1 ft. 6 in. 

8 in. to 11 in. 
3 ft. 6 in. to 4 ft. 



10 in. 
4 ft. shown. 



* Quart. Joarn. Geol. Soc., vol. xix. p. 293. 

t IHiy, Quart. Joum. Geol, Soc^ vol. xix. p. 284. 
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Here the upper portion oE the junction-bed contains Ammonites 
bifronSy A, serpentinus^ A. striatuluSy and Belemnites.^ Mr. J, 
F. Walker also records from this bed Rhynchonella Bouchardi and 
Waldheimia Lycetti, The clayey beds both above and below the 
rock-beds are worked in places for brick-making. From the 
lower rock-band (in which I obtained Rhynchonella), Mr. Walker 
has since recorded B. tetrahedra var., R. furcillata, Waldheimia 
perforata, &a 

The ferruginous seam that divides the Upper Lias stone from 
the Marlstone is probably the decomposed surface of the Marl- 
stone ; it varies from one to two or more inches in thickness^ and 
contains in places a number of Gasteropods — hence the name 
Pletirotomaria-hedy applied by Mr. Day. The Marlstone con- 
tains waterwom stones perforated by Lithodomi and coated with 
Serpulije — ^features noticed by Buckland and De la Beche, and 
which, as Mr. Day has remarked, point to a sea-bottom upon 
which, for a time, little or no deposit took placet 

The admixture of Upper Lias species in the Marlsone^ naturally 
suggests some re- arrangement of the bed in Upper Lias times, 
but the occurrence of A, communis in the Marlstone is not peculiar 
to this area, and indicates a blending of the Middle and Upper 
Lias faunas, such as we find in the Transition Bed near Banbury. 
(See p. 229.) The species recorded from the Marlstone imd 
Pleurotomaria-hedy include the following : — 



Beiemnites. 
Pleurotoraaria bitorquata. 

- mirabilis. 

pinguie. 

precatoria. 

procera. 

rustica. 

Discobelix sinister. 
Trochus iEgion. 
Epulus. 



Cardium truncatum. 
Cardinia concinna. 
Gryphsea cymbium, 
— -gigantea. 
Rbyncboiiella acuta. 

serrata. 

tetrahedra. 

Terebratula punctata. 
Crinoids. 



East of Eype the cliff again exhibits a portion of the Middle 
Lias. At the base, there are blue clays with Ammonites margart- 
tatusy and these are succeeded by the Starfish Bed, the Laminated 
beds, and Yellow sands. These are capped by grey shaly beds^ 
that include a hard band that may be the Junction-bed of Middle 
and Upper Lias, with perhaps some portions of the overlying 
Upper Lias. The highest strata were however difficult of access. 
These beds extend but for a short distance, for a fault, having 
a downthrow of at least 425 feet, brings them abruptly against 
the Fuller's Earth and Forest Marble — a fact which shows that 
the faults along this coast do not always produce lines of weakness 
that have originated valleys. 

Excepting in the hard beds, fossils are not very abundant in 
the Middle Lias of this district; but here, as in other places, there 
is no marked division between the zones of Ammonites margari" 

* See also J. F. Walker, Rep. Brit. Assoc, for 1890, p. 799 ; Geol. Mair., 1892, p. 
440. 

t Qnart. Journ. Geol. See., yoI. six. p. 294. See also Backland and De la fiaoheb 
Trans. Geol. Soc., ser* 2, toI. iv. p. 81. 
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tattis and A, spinatus. The ^farffaritatus-stonCy together with 
the highest beds^ present chamcters resembling the Marlstone o£ 
other places, and the fossils also lead mc to include this portion 
of the series in the zone of Ammonites spinatus ; leaving the 
nnderlying beds down to the Three Tiers in the zone of A. 
margaritatus. The range of A, Loscombei and A, Bcchei into 
these lower beds of the Middle Lias is noteworthy, but I am 
unable personally to confirm it. (See p. 203.) 

The Three Tiers form locally a good division between Lower 
and Middle Lias, but these bands have nowhere been identified 
inland, and, as before noted, the rock might easily be confused 
with the Starfish Bed. Near Banbury there are some hard bands 
in the lower beds of the Middle Lias that recall the Starfish Bed 
of the Dorsetshire const. 

Li tracing the Middle Lias inland in Dorsetshire we have, as 
before mentioned, few sections to guide us in fixing the boundary 
with the Lower Lias, while the Upper Lias clay is not sufficiently 
welUmarked to have been distinguished on the Geological Survey 
Map. Moreover the area between Beaminster and Bridport is 
much faulted, so that when isolated exposures of micaceous sands 
are to be seen it is diHRcult at once to determine whether they belong 
to the Middle Lias or to the Midford Sands. Thus north o{ 
Watton Hill, Bridport, a lane-cutting showed micaceous yellow 
sand and rook-sand, overlaid by hard beds of micaceous and 
calcareous sandstone — these beds pass under the Upper Lias beds 
exposed in the brickyard north of Ailington, and are thus of 
Middle Lias age, although represented on the Survey Map as 
Midford Sands. 

The Marlstone Junction-bed was observed by Mr. Bristow on 
the road leading from Bothenhampton to Shipton Gorge, and 
about half-^way between the two churches : but it is so thin that 
it is rarely seen until we reach the district near Ilminster and 
Yeovil. In 1887 the same bed was found by Mr. J. F. Walker 
in Shipton Long Lane. The Marlstone (1 ft.) contained Ammo- 
nites spinatu^^ nxid was overlaid by a conglomeratic bed, containing 
A. bifronSf A, communis, and worn specimens of A. falcifer. 
Similar beds were noted by Mr. Walker in a deep cutting in 
Shute's Lane, Symondsburj'.* 

The micaceous sands are well shown in some of the deep lane- 
cnttings in Dorsetshire, one of the most remarkable of which is 
between Colmers Hill and Leazacre, at Symondsbury near 
Bridport. The cutting shows micaceous yellow sand with hard 
bluish calcareous sandstone in places. 

Tlirough Dorsetshire and Somersetshire the boundary of Lower 
and Middle Lias, as represented on the Geological Survey Map, 
has been taken approximately where the more marked feature occurs 
at the base of the comparatively porous sandy shales of the 
Middle Lia?, and about the horizon of the Starfish Bed of the 
ooast section, as the underlying blue clays throw out strong 

* Geol. Mag., 1892, p. 440. 
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springs. Thus porfciona of the zone of Ammonites margaritatus 
havel)een included in the Lower Lias, for when the boundary was 
surveyed, attention was not paid to palseontological horizons. 

Even if fossils were taken as the guide, the boundary could only 
be traced hypothetically over the greater part of the area, for 
sections are few and far between, and fossils are not always to be 
had when wanted. Thus near Chard, my colleague Mr. Clement 
Beid and myself, when engaged in re-surveying portions of the 
area, hesitated to interfere with the boundary of Lower and 
Middle Lias from the absence of any reliable guides in fixing the 
junction. In the area mapped as Middle Lias from Bridport, by 
Pillesdon and Lewston Hills, to Ford Abbey and Chard, there is 
little evidence beyond micaceous sand and sandy shales, with 
occasional bands of calcareous sandstone. The brickyard at 
Chalkway, north of Winsham, opened in laminated micaceous clay 
and sand, afforded no fossils; while a well at Avishay^ near 
Chaffcombe, sunk through sandy loam and blue clay with 
pyrites, to a depth of 45 feet, tells us again only the nature of the 
strata. 

Somersetshire. 

Further north, more evidence is obtainable, for the Marlstone 
becomes sufficiently well-developed to be quarried. In the 
neighbourhood of Ilminster, the home at one time of Charies 
Moore, there are many sections, and the strata and their fossils 
have been described in much detail by that geologist.* The 
following is the general section of the beds beneath the Upper 
Lias at Uminsler : — 

Ft. In. 

6. Pale earthy and sandy limestone with 

large Belemnites - - -06 

5. Greenish and ferruginous sandy marl 

with Belemnites paxillosus - -04 

4. Brown sandy and iron-shot lime- 
stone in thick heds, (the workable 
stone of the district) with many- 
fossils - - 8 to 12 
3. Sands with ironstone-nodules - - - 20 
2. Yellow micaceous brick-marls with sandstones; 

Ammonites margaritatus - - • - 30 

1. Blue and grey micaceous marls with intercalated 
nodular sandstones .... IQO 

The details of the beds below the Marlstone are given on the authoiity of 
Moore.f These beds may be compared with the yeUow sands and laminated 
beds of the sections at Thorncombe Beacon. 

In the railway-cutting at Donyatt, blue and brown micaceous 
sandy beds, with a layer of hard sandy limestone^ were shown 
resting on blue micaceous sajidy clay, and dipping a little to the 
east of south. A cutting bj the old canal (south of the tunnel) 

. ■ ■■ — — — — ^-^■^^— — — ^— »—— •^— ^^«»i._^^,^ 

♦"See Memoir of C. Morae, by the Rev. H. H. Winwood, Proc. Bath Nat. ffint. 
Club, Tol. vii. p. 232. 
t See list in Proc. Somerset Arch, and Nat. Hist. See., vol. xiii. p. 120. 



Middle 
Lias. 



Marlstone. < 



MIDDLE LIAS: ILMIKSTER. 203 

showed 15 feet of laminated micaceous sandy clay^ with bands of 
very tough bluish nodular limestone, containing much iron-oro. 
I obtained no fossils from these beds, but according to Moore 
they belong to Group 1 of the above section, and he records 
Ammonites Beckei from beds on the same horizon at ** Haslewell " 
[? Ash well]. It is noteworthy that Mr. Day obtained **two 
crushed fragments of Ammonites Bechei^* from sandstone in the 
Yellow Sands near the top of the Middle Lias on the Dorsetshire 
coast.* 

A pit at the brickyard south of Ilminster (probably the section 
at Cross, mentioned by Moore), showed blue micaceous sand} 
clays with Ammonites margaritatus ; and at Ashwell, north of 
Ilminster, beds of micaceous sands with hard sandy limestone 
have been opened up. Moore has published a list of species from 
the former locality .t 

The Marlstone has been opened up in quarries on the north of 
Ilminster, at Tortwood Hill and Moolham, and to the north of 
Down Lane, east of Donyatt. The rock consists of irregular 
beds of reddish-brown iron-shot limestone, sometimes sandy 
and micaceous, yielding Ammonites spinattis A, margaritatus, 
A. Engelhardtiy Belemnites breviformis, B, compressns^ B, 
eglindrieus, B. paxillosns, Pholadomya ambigua, Pecten (BquivahiSy 
GryphtBa cgmbium^ G. gigantea, Pietiromya costata^ Rliynchonelbi 
acuta, jB. tetrahedra, J?, serrata, Terebratula punctata, Wald- 
hehnia quadrifida var. cornnta, and W. resupinata, 

Moore has given a long list of species from the Marlstone of 
Ilminster including Plant-remains, Sponges, Foraminfera, Echino- 
dermata, Crustacea, Joshes {Hybodus and Lepidotns), and 
Saurians {Ichtftyosaums), Numerous Gasteropods are recorded, 
and these include species found in the Transition Bed of 
Northamptonshire (see p. 229). Two species of Cryptcenia (C, 
rotelI<Bformis and C. expansa) occur also in the Marlstone of the 
Dorset coast. Of Plevrotomaria Moore obtained one example 
**2 ft. in circumference by 7 J in. in height."! 

The fact that the uppermost band of Marlstone, which is some- 
times much iron-stained, is separated from the main mass of the 
rock by a few inches of sandy marl or clay, is a general feature in 
this neighbourhood. The stone is quarried to a depth of from 
5 to 10 feet, a ferruginous sandy clay being usually met with at 
the base of the stone-beds. The rock has teen used for building- 
purposes, it forms a durable material, and is locally known as the 
*' Moolham Stone." It has also been burnt for lime ; but it is more 
commonly employed for road-mending. 

The Marlstone has been extensively quarried at Boxtone Hill 
and Hurcot, between Sevington St. Mary and Stocklinch 
Ottersey, and at Shepton Beauchamp, where it exhibits the same 
general characters as at Ilminster, although somewhat reduced in 
thickness. 



* Quart. Joam. Geol. Soc, toI. xix. p. 298. 

t Proc. Somenet, Arch, nod Kat. Hist. Soc., vol. ziH. p. 162. 

X Ibid,, pp. 164, &c. 
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The lower beds, comprising sands and dark blue and brown 
sandy clays^ with tough blue cement-stone nodules, were exposed 
in the road-cutting west of Hurcot. At New Cross, and to the 
south of West Lambrook^ loamy micacequs clays^ like the beds at 
Mudford near Yeovil, have been worked to a depth of 6 feet, for 
the manufacture of red bricks and drain-pipes. The total thick- 
ness of these lower beds may be about 150 feet. 

At South Petherton the snnds below the Mai*lstone, as observed 
by Moore, are well shown at the end of North Street, in the 
hill descending towards Martock. Eastwards we find few sections 
of the lower beds, but they form a fertile tract, and the soil is well 
adapted for orchards, the cider of TintinhuU being of local repute. 
Here and there as at Sock, we find laminated micaceous and 
sandy shales, with calcareous bands and nodules of ochre and 
" race " ; and these beds rest on clays which throw out springs. 
Much of the gi-ound about the junction of the Middle and Lower 
Lias is heavy and wet in winter-time, and many of the footpaths by 
the roadsides at Chilthome Domer, and TintinhuU are raised, and 
paved with slabs of Lower Lias, owing to the wet and muddy 
state of the roads. South of Mudford there are iwo brickyards, 
where bricks, drain-pipes, and flower-pots are manufactured. The 
bedii consist of about 6 feet of brown loamy clay with thio 
bands of micaceous ironstone ; but no fossils appear to be preserved. 

At South Petherton the Marlstone (3 feet 6 inches thick) has 
been extensively quarried, and from a section on the north side 
of the town, were obtained many of the Brachiopoda, figured by 
Davidson, from the Middle Lias. Moore remarks that the 
organic remains are here especially abundant, and on the whole 
in better preservation than in most other localities.* Dr. Wright 
mentions that the best specimens of Ammonites margaritatus and 
A. Engelhardti came from this locality. t Fine examples of Pleura- 
tomaria anglica have also been obtained. 

A pii west of Norton, near Ham Hill, showed the following 
section : — 

Ft. In. Ft. In. 

"Brown ochreous and loamy clay, 
with dark brown clay at the base, 
Upper Lias resting in pipes on the bed below - 2 to 3 

(Basement ^ Rubbly li^ht earthy limestone and 
Beds). marl, with Ammonites communis, 

A, bifrons, A, serpentinus, Rhyn- 
chonella Bouchardi, Sec. • - .70 

*" Pale earthy and iron-shot limestone, 
passing down into blue and brown 
< iron-shot limestone, crowded in 
places with Belemnites and olher 
fossils (base not shown) - - 1 6 to 2 

The Marlstone has also been quarried to the east of Holy Tree, 
>vhere it is 2 feet 6 inches thick. In this neighbourhood it is 
known as *^ Due Stone,"t a term applied to a somewhat similar 

* Proc. Somerset Arch, and Nat. Hist Sec., vol. xiii. p. 137. 
t Lias Ammonites (Palseontogr. Soc.), p. 95. 

X Thin term, m elseiirhere noted Cp. 296), is probably of Celtic origin (Dhu 
Stone). 
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rock at the base of the Inferior Oolite. The rock becomes more 
attenuated east oFMontacute station^ north-east of Preston^ and near 
Brimsmoor Tree, north of Yeovil ; being reduced to 1 foot 6 inches 
or 1 foot in thickness. At Preston the rock (a hard iron-shot lime- 
stone) contains a few small pebbles of quartzlte, but it is said to 
bum to a ^' wonderful good lime/' and here as elsewhere it is used 
for road-metal. 

The Rock-bed rests on micaceous sandy loam or shales, and 
owing to its poor development it forms no prominent feature, the 
escarijment north of Yeovil being mainly formed of the under- 
lying micaceous sandy shales. It may, however, be traced south 
of Lonffcroft, by the lane that leads to Brimsmoor Tree. South- 
wards the ground very nearly corresponds with the dip-slope, so 
that as fur as the high-road between Yeovil and Preston, the 
Bock-bed is reached in several places beneath a few feet of Upper 
Lias. (See Fig. 66.) 

It is'noteworthy that the Rock-bed, where it comes to the surface, 
is much piped or furrowed by the action of carbonated water, the 
residue being a brown ferruginous loam. In places it may be 
entirely decomposed at its outcrop ; and as the Upper Lias base- 
ment-beds are not very thick or durable, and are overlaid by 
laminated micaceous sandy shales, resembling the beds below the 
Rock-bed, it becomes exceedingly difficult to trace a boundary 
between the Middle and Upper Lias, where there are no sections, 
as in the tract north-east of Yeovil. This explanation probably 
accounts for the difficulties met with between Bridport and Chard. 

The pale earthy limestones of the Upper Lias rest in places 
directly on the Marlstone near Yeovil, and sometimes form one 
block, as in the coa)!t-seetion at Thorncombe Beacon. The united 
thickness of these stone-beds is about 7 feet, and they have 
furnished a limited supply of water to wells in the immediate 
neighbourhood of Yeovil. (See p. 315.) 

The following species of fossils were collected by Mr. J. Rhodes 
and myself from the Marlstone near Yeovil, north-east of Preston 
and at Brimsmoor Tree ; and they were identified by Messrs. 
Sharman and Newton : — 



Ammonites Engelhardti. 
■ margahtatus. 

spinatus. 

Bdemiiites ventralis P 

Amberleya. 

Aroomya. 

Avicula insequivalvis. 

Cardinia concinna. 

Gryphsa cymbium. 

gigantea. 

Lima punctata. 
Pecten tecjuivalvis. 
«— - demissua. 



Pecten (allied to) dentatus. 
julianus? 

luuularis. 

Pinna HartmanniP (cast). 
Pleuromya costata. 
Unicardium globosum. 
Rhynchonella acuta. 

tetrahedra. 

Spiriferina rostrata. 
Terebratula subpunctata. 
Waldheimia quadrifida var. cornuia. 
resupinata. 



There is an example of Ostrea sporiella from South Petherton 
in the Woodwardian Museum at Cambridge. This fossil is more 
abundant in the Marlstone of Banburv. 
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At Trentj north-eust of Yeovil, theMaristone U about 15 inches 
tbiok. A quarry north-west of Trent Barrow, exposed tough 
brown and grey sparry limestone, with nodules of pale compact 
Hmestone, and oolitic grain^^. Here, as in other places, the liase- 
ment-beds of the Upper Lias are shown above the Marlstone. 
Further on, at Coneygore Hil), Sandford Orcas, tlie Rock-bed is 
stated to be 4 feet thick, in a section noted by Moore, and near 
Sutton Montis to be 6 feeti as observed by Bristow. It has been 
traced through Compton Pauncefoot, but no sections have been 
noticed near Castle Gary. The description of the beds in a 
section at Scale Hill, near Batcombe, by De la Beche, is probably 
a general one, as the Marlstone, although present, does not appear 
to comprise a mass of strata 21 feet thick, as stated by him.^ A 
rock«8pecimen of Marlstone, micaceous and ;8andy limestone with 
Belemnites, Rhynchonella, and Terebratida, was obtained at West- 
combe, west of Batcombe.t 

Of the lower beds we have little information, beyond the fact 
that there is a development of micaceous sandy shales and sands, 
in the country extending from Trent, near Yeovil, through South 
and North Cadbury to Batcombe. In the valley south of Batoombe, 
there are brown micaceous and marly sands, with Ammonites very 
poorly preserved. Probably the Lower Lias is not exposed so 
near the Oolitic escarpment as represented on the Geological 
Survey map ; but north of Batcombe the Middle Lias has not 
been shown on the map until we reach tlie neighbourhood of 
Bath. In the intermediate area it may be partly overlapped by 
Inferior OoUte and Midford Sands. 

North of West Pennard Church, the lower beds of the Middle 
Lias are exposed in a laue-cutting, and the beds have also been 
exposed by the stream near East Pennard Church. The Rock- 
bed has been opened up beneath the Upper Lias to the east of 
West Pennard. The general section is as follows (see Fig. 43, 
p. 90) :— 

Ft. In. 
j"Hapd blue and brown ferruginous oolitic, 
and in places compact, Marlstone, with, 
near the top, irregular nodules of grey 
earthy limestone - - 1 3 

Micaceous sands with Belemnites, and 
ochreous, clayey beds, with thin alter- 
nate layers of sand. 
Thick-bedded yellow micaceous and fissile 
rock-sands, with ochreous galls, and 
occasional large concretionary masses of 
bluish sandy limestone - - 40 feet or more. 

Bluish-grey and yellow sandy micaceous 
shales. 

The lower beds, consisting of blue and brown clay with ** race,*' 
and micaceous sandy shales with ferruginous concretions and 
occasional indurated bands, have been opened up in brickyards to 
the north of Glastonbury, where red bricks, tiles, drain-pipes, 

* Mem. Gcol. Survey, vol. i., p. 280. 
•f Catalogne of Rock Specimens, Xo 23. 
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flower-potfl, and ornamental bricks are manufactured. A thick- 
ness of upwards of 40 feet of these beds is 8hown> but no fossils 
were to be had. They are probably on the same horizon as the 
beds yielding Am, margaritatus at Brent KnolL 

Above these beds there is a development of micaceous sands 
with indurated masses of sandy limestone^ and blue septarian 
limestone, overlaid by micaceous sandy clay. These beds are to be 
seen at Chalice Hill and in a deep-lane leading from it ; and thoy 
occur also on Wearyall Hill, which rises to a height of about 
190 feet. The well-bedded nature of the sands, is similar to 
that of the beds exposed in the road-cutting north of South 
Petherton. Springs are thrown out at the base of the Sands. 

The uppermost micaceous sandy clays yield Belemnites and 
Ammonites, and tliey are overlaid by the Rock-bed, blue iron-shot 
and oolitic limestone, from 1 to 2 feet thick.* 

The Bock-bed here and at Pennard, yields Ammonites spinatus, 
A. margaritatus^ Belemnites^ Lima, Pecten cBquivalvis, Rhgn" 
chonella acuta, R. tetrahedra, &c. Glastonbury Tor is based on 
a platform of Upper Lias, beneath which, and to the north of the 
hill, the Marlstone Bock-bed was formerly quarried in two or three 
places. The general section of the Middle Lias of Glastonbury 
is as follows (see Fig. 84, p. 263) : — 

Ft. In. Ft. In. 

"Rock-bed - • - -10to20 

M'Hdl Micaceous sandy days - . • 10 

I . < Micaceous sands with indurated beds - 60 

^^^' j Micaceous shales - - • 140 

LClay (to sea-level) ... 20 

Brent E^oU, which is similarly constructed^ exhibits beneath 
the Knoll (formed of Midford Sands)^ a platform of Upper Lias 
based on Middle Lias. (See Fig. S5, p. 263.) 

A well dug to a depth of 15 or 20 feet at the foot of the hill, near 
Brent Knoll railway-station, proved blue micaceous shale, which 
y\o\ie A Ammonites margaritatus, A. Loscombei, Belemnites, Avicula, 
and fragments of lignitcf The higher beds are not well exposed* 
but they form a comparatively steep scarp, surmounted by the 
Upper Lias. The Bock -bed is probably thin. 

Approaching the Mendip Hills we find evidence of irregular 
overlap of the divisions of the Lias and Lower Oolites, and some of 
the beds, where present, are too thin to be represented on the 
Geological Survey map. Between Batcombe and the Mendip 
Hills, near Doulting, we have no records of the Middle Lias, 
although the formation may be present in an attenuated form. 

In the vales of Nunney, Whatley, and Vallis near Frome, we 
find sometimes Bhastic Beds, sometimes Lias, and also Inferior 
Oolite, resting directly on the Carboniferous Limestone, and pre- 

* The thickness of "about 15 feet" assigned to the Marlstone -rook by Dr. 
Wright, i« far too p^reat. Quart. Journ. Geol. Soc., vol. xvi. p. 34 ; see also Day, 
Froc. Cottcswold Club, toI. iii. p. 121 ; and H. B. W., Proc. Geol, Assoc, rol. xi. 
p. cciii. 

t H. B. W., Pioc. Bath Nat. Hist. Club, vol. vi. p. 12.5. 
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senting in places conglomeratic characters. Little would be 
known of the fossils of these beds, but for the researches of 
Charles Moore : nevertlieless the testimony of the organic remains, 
which are sometimes obtained from fissures that may have received 
infillings at different periods, must necessarily be received with 
caution. (See p. 97.) The following section at Whatley was 
noted by Moore : — 

Ft. In. 



I 2 
10 



Clay and debris of Inferior Oolite, 

x«' 1 11 T • f Grey laminated marl ... 
Middle Lias | ^.^^^ ^^^j^ ^^ fojsiliferous - 

Carboniferous Limestone. 

He stated that " the fossiliferous marl at Whatley is in great 
part composed of dismembered Pentacrinitesy but the same thin 
deposit has yielded 64 species of organic remains; of these 
the most varied arc the Brachiopoda, of which there are present 
the genera Argiope, Craniay LeptcenOy Rhynchoneila, Spiriferinay 
Sucssiuy Terebratula, TerebratuUna, and Thccideum"* Moore 
remarked that occasionally the fossiliferous marl is converted 
into a thin indurated limestone, difficult to separate from the 
older rock on which it rests. 

The method of occurrence of this fossiliferous bed and its 
organic remains, were compared by Moore with a similar accu- 
mulation at Fontaine-otoupe-Four in Normandy, described by 
M. Deslongchamps, ns of Middle Lias age. Upper Lias beds also 
occur in that country under similar conditions. (See p. 229.) 

Moore observed that " within two miles of Whatley, the Middle 
Lias i« again present under very peculiar conditions at the hamlet 
of Holwell. On the Carboniferous Limestone at this place, and 
extending as far as Cranmore, are deposits of conglomerate of 
Middle Lias age, almost undistinguishable lithologically from the 
older rocks. . . . Not only does the Middle Lias conglomerate 
fringe the ancient coast-line at this point, but it has been carried 
down for great depths into the viens and fissures of the limestone, 
the infillings in one of the quarries occupying nearly a third the 
length of the section, one of the Liassic veins being fifteen feet in 
breadth. From the side of this, about fifty feet from the surface, 
was extracted a block but a few inches square, containing fourteen 
species of gasteropoda of Middle Lias age, and all of them new 
to this country ."t The lists given by Moore, from these localities 
of Whatley and Holwell, contain forms found elsewhere in Lower, 
Middle, and Upper Lias. (See p. 98.) 

Moore has recorded the presence of the Middle Lias ( Marlstone) 
at Molls, resting directly upon the Coal-measures. It was pene- 
trated in sinking a shaft, and found to be 9 feet in thickness. It 

♦ Proc. Somerset Arch, and Nat. Hist. Sac, vol. xiii. p. 155 ; and v^uart. Journ. 
Geol. Soc, vol. xxiii. pp. 477-480. 

f rroc. Somerset Arch, and Xat. Hist. Soc, vol. xiii. p. 157 ,• Quart. Journ. 
Geol. Soc, vol. xxiii., pp. 482, &c 

E 70859. O 
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contained Ammonites spinatus, Belemnites paxillosus, Pholadamya 
ambiffuay and Montlivaltia, From blue marl at the same locality 
Moore obtained Ophioderma Egertoni* 

In the neighbourhood of Rad»?tock and Camerton, there are 
beds of iron-shot limestone (with nodules), which yield Gryph(Ea 
cj/mbium, Terebratula punctata, Waldheimia quadrifida var. 
cornutay Rhynchonella rimosa, &c., and have been described as 
Middle Lias. The Ammonites however, which include A, armatus, 
A, Jamesoniy &c., tend to show that the beds belong to the higher 
portion of the Lower Lias, according to the grouping adopted in 
this Memoir. No traces of A, margaritattis and A, spinatiis have 
been found in these beds ; but it is possible that here and there 
a layer of stone may be found of Middle Lias age, as in the 
section near Branch Huish, south-east of Radstock, described by 
E. B. Tawney. There the top layer of stone yields Cardinia 
concinna.f 

Among the beds of the Lower Lias there is, in this area, 
evidence of reconstruction at different horizons, so that, as Moore 
has pointed out, we have presented to us conditions somewhat 
** abnormal," when compared with their *^ typical " development 
'is uninterrupted deposits tlsewhere. In his opinion the Mendip 
Hills, although subject to oscillations of level, formed a barrier to 
the incursion of the deeper-sea deposits which were taking place 
to the south. J There may also be evidence of reconstruction 
during the Middle Lias. 

The ''nodules" so freqiu»ntly met with in the limestones, are 
sometimes slightly phosphatic, and appear in many cases to be 
rolled masses of previously formed Lias limestone. 

There is evidence of a considerable thickness of " Blue marl" 
between the Lower Lias limestones and the Inferior Oolite, north 
of Radstock and east of Paul ton. A coal-boring sunk through 
the Inferior Oolite on the hill east of Paulton, proved 120 feet of 
** Blue marl." It is highly probable that Lower, Middle, and 
Upper Lias are represented in this group. The evidence tends to 
show that the Marlstone as a Eock-bed is of inconstant occur- 
rence in this area north of the Mendip Hills, as it is in other 
localities ; and it is likely that the main mass of the " Blue marl " 
is of Middle Lias age. (See p. 127.) Further north we have 
evidence of blue micaceous marl, beneath a bed of ** marlstone," 
at Dundas, where the Upper liias clay is very thin. 

The section opposite Dundas, given by Moore, is a remarkable 
one, and is unfortunately now obscured: the beds recorded by him 
are as follows§ : — 



♦ Proc. Somerset Arch, and Nat. Hist. Soc, vol. xiii., p. 150; Quart. Joam. 
Geol. Soc, vol. xxiii. p. 481. 

•f Proc. Bristol Nat. Soc., ser. 2, vol. i., p. 186 ; see also De la Beche, Mem. 
Gwl. Survey, vol. i. p. 280. 

X Moore, Quart. Journ. Gcol. Soc., vol. xxiii. pp. 454, 474, &c. ; and Proc. 
Somerset Arch., and Nat. Hist. Soc, vol. xiii. p. 161. 

§ Proc. Somerset Arch, and Nat. Hist. Soc, vol. xiii. p. 153. 
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Pr. In. 

[Midford Sands.] Inferior Oolite sands • « • 20 

I* Grey cW - - - - - 2 

[Upper Lias.] < Upper Lias stone with Ammonites bifrons 

I ( Walcottt), A. serpentinus, &c. - - 1 

Blue clay - - - • - 3 

Brownish marlstone with A. caprieomus 

(maculatus), Unicardium cardioides, Lingula 

Beani [?] abundant, Crustacea and 

Saurian teeth - - - - 1 

r\ii*j^i«f« 1 r Blue micaceous marl with nodules of iron- 
[Middle Lias.] { ^^^ 20 

The occurrence of A. capricornits in the ^* brownish marlstone/' 
together with the Lingula^ is remarkable. Nevertheless much of 
the so-called " Marlstone '' which is of an iron-shot character in 
the Radstock area, occupies a different horizon from the Rock-bed 
at llminster ; and fossils of distinct stages are found sometimes 
together in a remanid condition. It seems reasonable to conclude 
that this " marlstone " of Dundas is likewise a remanie bed ; and 
that it occurs at the base of the Upper Lias. 

In the neighbourhood of Bath there are few sections in the 
strata between the Lower Lias limestones (Blue Lias) and the 
Midford Sands. Londsdale describes the beds filling this intervaV^ 
as consisting of *^ Blue clay and marl ; which are tough in the 
lower part of the deposit, but thinly laminated and micaceous 
in the upper. Irregular beds of stone are interstratified with 
them." He estimates the thickness at 200 feet, and an old boring 
at Batheaston proved a thickness there of 170 feet. (See p. 135.) 

Along the Midland Railway between Bath and Combe Down, 
blue micaceous clay was exposed in several cuttings. It contains 
occasional bands of earthy limestone, but does not appear to be 
fossiliferous. It is capped by a bed of nodular iron-shot limestone 
that may represent the Marlstone, while above are three beds of 
limestone, the highest of which has yielded Upper Lias fossils. 

These hard bands in the Upper Lias sometimes resemble the 
Rock-bed of the Marlstone, and were evidently included with it 
by Lonsdale, in his section (at Box) of the strata overlying the 
blue clay and marl before mentioned. Indeed he remarks that 
•* Interposed between the lias and inferior oolite are several beds 
of sandy marl, to which Mr. Smith gave the name of marlstone. 
They effect a gradual passage from the lias into the inferior 
oolite."* The fact is the Upper Lias is very thin in places, and 
we have little more than the basement-beds, overlaid by clays of 
no great thickness, that merge upwards into the Midford Sands. 

Thus, on the Geological Survey map near Bath, where the 
original survey and grouping of the divisions were undertaken 
primarily under Lonsdale's guidance, the Upper Lias has in some 
places been included with the Middle Lias, and in other places 
both these divisions have been included in the Lower Lias ; partly 
no doubt on account of the steep slopes, and the little space (on 
the one-inch map) to show the divisions ; and partly because rock- 

* Trans. Geol. Soc, ser. 2, vol. iii. pp. 243, 247. 

o 2 
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beds, being rarely shown, it was difficult to mark any division in 
the blue clays that overlie the Blue Lias limestones.* 

The following appears to be the general section of the strata, 
as illustrated by sections at Box (noted by Lonsdale), Devonshire 
Buildings, Bath (noted by the Rev. H. H. Winwood), and by the 
deep boring at Batheastou : — 

Ft. In. Ft. In. 

Midford Sands. Micaceous yellow sand. 

f Ferruginous sandy and oolitic lime-' 
I stone with nodules, Ammonites 
Upper Lias. ^ serpeniinus, A. communis. &c. - ^3 6 to 4 6 

Pale grey earthy limestones and 
^ clays - - - -J 

r Marlstone (? persistent) - - 10 

Middle Lias J Micaceous yellow sand and clay, with 

I indurated layers - - - 3 

and L Blue micaceous clays with occasional"! 1 . j^q q 

T T •«« / stone beds - - - - J 

Lower Lias. | ^^^^ y^^ limestones. 

The stone-beds at the junction of Middle and Upper Lias were 
observed by Lonsdale at Batheaston, and in the descent from High 
Barrow Hill to Pennyquick Bottom, near Twerton; and by 
William Smith at Bathampton. Moore likewise noticed the beds 
at Kelston Beechen Cliff, and other places in the neighbourhood 

of Bath.t 

North of the Great Western Railway, in the lane leading from 
Box to Hill House, blue and brown micaceous and marly days 
were exposed in a road-cutting ; ochreous nodules occurred in the 
upper part, but no fossils were to be seen. Hill House is situated 
on Inferior Oolite (with Rhynchonclla spinosa, &c.). 

The principal section exposed in this region, is that at Oak's 
Lane, Upton Cheney, near Bitton, which was noted by Moore : — 

Ft. Ix. 

Uoner Lias / -^^^^ ^^ ^®^* ^^^ numerous specimens of 
ppe iJia . -^ Ammonites serpentinus - - - 

I Marlstone? - • - - . 

Grey and reddish-brown marls with nodules 
and bands of ironstone, and occasional 
wi«« i layers with Pecten 



Lower? Lias, 
165 ft. Sin. 



Blue-hearted stone - 
Shelly marlstone 
Grey marls - 
Blue micaceous stone 



12 





1 





144 
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7 
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8 





1 


4 



Moore records from the beds below the Upper Lias, Belemnites, 
GryphcRa gigantea^ &c., and Ammonites capricormis (maculatus). 
The precise horizon of the Ammonite is not indicated, but the 
occurrence is noteworthy in connexion with the record he gives of 
this species from the "marlstone'* of Dundas, p. 21 LJ 

The evidence of Middle Lias, and more especially of the 
Marlstone in the neighbourhood of Bath, is therefore by no means 

«o satisfactory as one could wish. Moreover at Dundry we fell 

' — ■ I . 

♦ See De la Beche, Mem. Geol. Survey, vol. i., p. 275. 

t Proc. Somerset Arch, and Nat. Hist. See, vol. xiii. p. 126. 

X Ibid., vol. xiii. p. 152. 
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to get evidence, and Mr. Etheridi^e lias stated there are no traceft 
whatever of the Middle Lias or Marlstone.* 

Moore remarks that "On the top of Bitton Hill, the Upper 
Lias is composed of several ferruginous-looking beds of stone, 
with what appears to be a single bed of the Middle Lias marletone 
immediately beneath."t 



Gloucestersli ire. 

Following the main escarpment north of Upton Cheney, we 
find the outcrop of the Middle Lias passing through Dyrham, 
Dodington, Old Sodbury, and Hawkesbury, but there are no 
records of sections along this tract. 

Further north the Marlstone is well developed, and the Middle 
Lias forms a platform at Ililsley and Alderley, at Wotton- 
under-Edge, North Nibley, Stinchcombe, and Dursley. (See 
Fig. 67.) 

A brickyard situated near the Chapel north of Wotton-under- 
Edge, showed about 30 feet of very micaceous bluish-grey and 
brown sandy shales. These are slightly calcareous and are 
induraied liere anil there. Pyrilic nodules occur, but no organic 
remains were to be seen. Red bricks and drain-pipes are 
manufactured here., but stronger clay (Lower Lias) is brought from 
Bradley Green for ihc making of the pipes. The loiai thickness 
of the Middle Lias at Wolton-iinder-Edge was estimated by 
Bristow at 200 feet. (See Fig. 86, p. 264.) 

The following section in the road from Nibley Church to Nibley 
Green, was recorded by Bristow : — 

Ft. In. 

Brown rock (Marlstone) - 
Clay . - - . 

Ferruginous sandstone with Belemnites 
Bluish sand^ clay 
Iron -band (tossils) 
-^ Yellowish sand with iron balls - 
Iron-band (fossils) 
Thick-bedded sandstone - 
Sand with iron-bands 
Iron -band - - - 

j^Sand - - . - 

The Marlstone has been quarried at Stancombe Park. Explora- 
tions for iron-ore have been made, near Southend Farm, south- 
east of North Nibley, and near Siinchcombe, but the beds are 
not suflSciently rich to repay the cost of working. (See p. 303.) 
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* Wright, Quart. Journ. Geol. See, vol. xvi. p. 22. 

t Proc. Somerset Arch, and Nat. Hist. Soc, toI. xiii. p. 127. 
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Upper 
Lias. 

Middle 
Lias 

(Marlstone). 



The Marlstone has been quarried in several places near Stinch- 
combe fields, where it forms a broad platform. On the high- 
road leading towards Tails Hill, the large quarry on the south 
side, showed the follt>wing section : — 

Ft. In. 
f Pale grey clay, with nodules of pale mottled 
\ bluish-grey earthy limestone - - 1 6 

fHard ferruginous sandy limestone, blue- 
I hearted in places : with BeUmnites, Am^ 
-^ monites, large GrypJuea, Terebratula punC' 
tata, Rhynckonella acuta, and R. tetrahedra 
(in clusters) - - - - 15 

Avicula, Cardinia crassissimay and Pecten (pquivalvis are 
recorded by Moore. The beds are much shattered and broken up 
where not covered by Upper Lias. The stone is quarried for 
road-metal, and for building walls, &c 

At Newnham (or ** Newent **) quarry south-west of Cam, the 
Marlstone is 20 feet thick, according to Moore. From tliis rock 
many Urchins, including Eodiadema, were found by Mr. Heeby 
Thompson and Mr. W. D. Criijk. They found that the '' Tran- 
sition bed " (with Ammonites acutus) was represented, though not 
£0 clearly as in Northamptonsiiire.* 

In the escarpment south-east of Frocester the IMarlstone, 
according to Moore, is reduced to 2 feet in thickness, while the 
total thickness of the Middle Lias has been estimated at 150 feet.t 

Near Stroud the Marlstone Rock-bed is not so well developed 
•as at Stinchcombe, for it is represente<l by a group of micaceous 
sandy clays, that contain inconstant beds of hard calcareous 
sandstone of variable thickness, and nodular and iron-shot marl- 
stone. These beds have been exposed at Dudbridge Mills, in an 
adjoining brickyard in the valley towards Nailsworih, and also in 
the railway-cutting by Rooksmoor Mill, Woodchester, where about 
12 feet of ferruginous sandst<me, overlaid by iron-shot rock with 
Beiemnites, was exposed. 

The following section at Dudbridge Mills, is by E. Witchell: — % 

Ft. In. 
River gravel - - - - - 2 

10. Light hrown calcareous sandstone, with 
Ammonites spinatus, BeUmnites paxillo" 
sus, Avicula inttquivalvis, Grypnaa cum' 
bium, Pecten aquivalvis, and Unicardium 
cardioides - - . - 

9. Light brown or grey shaly clay - 
8. Dark brown ferruginous rock (marlstone), 
with A, margaritatus, B. paxillosus, 
•^ 17. cardioides, &c. ... 

7. Brown marly shale - - • 

6. Light brown soft sandstone, blue in the 
centre, with nodules and shelly layers, 
Pefitacrinus, &c. ... 

5. Blue and brown ferruginous sandy clay - 
4. Dark blue clay - - . - 

3. Ferruginous nodules - - - 

r 2. Light blue sandy clay, partly consoli- 
< dated - - - - - 

I 1. 
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Lower 
Lias. 



Dark brown or bluish shaly clay 

* Thompson, liep. Brit. Assoc, for 1891, p. 350. 
I Wrij^ht, Quart. Journ. Geol. Soc, vol. xii. p. 303* 
X Geol. S^troud, p. 17. 



3 
3 








216 LIAS OF ENGLAND AND WALES : 

In the shalea No. 7f I obtained small specimens of A, margariiatus and 
Belemnites vulgaris. The lower beds (1 and 2) were regarded by Witchell 
as belonging to the zone of A, Henleyi; and specimens of Pholadomya 
ambigua^ Unicardium cardioides, and Pleuromya costata, which occur in the pit, 
and apparently come from this horizon, are much like specimens from the 
same zone on the north of Dumbleton. 

The Marlstono has been observed by Witchell at Rock Mill, 
and further Dorth, in the valley between Stroud and Painswick. 

Northwards along the l)orders of the Ootteswold Hills there 
are few sections in the Middle Lias ; the Marlstone forms a small 
terrace near ihe foot uf the hills, hut the beds are best shown in 
the outliers of Churchdown, Oxenton, Uunibleton, and Bredon. 
There are no good sections on liobin's Wood Hill. At Church- 
down the Marlstone has been, in former years, largely quarried for 
road-metal and other purposes. The beds have been described 
by Murchison and others,* but the brst account is that by Dr. F. 
Smiths, of Churchdmvn. He describes the beds below the Upper 
Lias as follows : — 

Ft. In. 

f Yellow marly sands, with ferruginous con- 
M'd lie I cretions, and nodules yielding Ostracoda G to 6 8 

r ioQ ^ Rock-bed ; impure olue limestone weathering 

brown, ferruginous, {graduating into thin- 
bedded marlstone - • . - 10 



The yellow marly sands are grouped with the zone of Ammo- 
nites sphiatus. They contain this and other Ammonites, Grj/' 
phcea cymhiniriy fcc. 

The Marlstone-rock is marked as the zone of Ammonites mar- 
gar itatus^ though no ilonbt it is equivalent to beds elsewhere 
included in the horizon of ^. spinatus. At Ilminster and Yeovil 
A. spinatus and A. margaritatus occur together. Here at 
Churchdown Dr. Smithe has found A. Engelhardti (found also 
at Ilminster, &c.), Fccten cequivcilvis, Cardium trinicatum, Rhyn- 
chonella acuta^ R, tctrahedra, &c.t 

At Alderton and Dumbleton the thickness of the Marlstone is 
about 14 feet, but the beds are not now fully exposed; and 
further references to them will be given in the account of the 
Upper Lias at those localities. Fossils similar to those recorded 
from Churchdown have been obtained. t I obtained Ammonites 
nitesceiiSf A. spinatus^ Belemnites hrcviformis^ Modiola scalprum^ 
Pecteny and PIturomga costata : these fossils were named by 
Messrs. Sharnian and Newton. (See p. 267.) 

There are no good sections of the Middle Lias in the escarp- 
ment near Cheltenham, although the beds are occasionally exposed 
in ravines and deep lanes. Northwards by Gretton, and again to 

• A section showing 14 fet;t of Marlstone, was given by Murchison, Silurian 
System, p. 18 ; Geol. Cheltenham, 1834, p. 27 ; Ibid., Ed. 2, by Backman and 
Strickland, p. d8. 

t Proc. Ciotteswold Club, voL rl, 1876, p. 849. 

X Murchison, Geol. Cheltenham, Edit. 2, by Buckman aod Strickland, p. 40 • 
F. Smithe and W. C. Lucy, Proc. Cotteswold Club, toI. x. p. 207. ' 
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Middle Lias 
(Marlstone, -^ 
Sec.) 



the sooth of Winchcomb (see Fig. 68), the beds have been seen, 
and some fossils have been obtained ;* but the outcrop is largely 
concealed by detritus from the hills above. On Burrell Hill, 
east of Buckiand, and near Chipping Campden, the beds were 
formerly worked, but most of the quarries are now obscured. 
The outcrop is, however, shown by a bold escjirpment. 

The Marlstone has been quarried in places north-west of 
Ashton-under-Hill, where the following section was to be 
seen : — 

Ft. In. 

Soil, brown loam, &c. - - - 2 

Pale grey, flaggy and sandy limestones, shelly 
in places ; Belfmnites, Pleuromya, JBAyn- 
chonella tetrahedra - - - 2 

Rubbly bed of calcareous sandstone having 
the appearance of ** Broken Beds ;" Belem- 
nites - - - - - 1 6 

Hard grey and brown limestone with Pecten 

(pquivalvis - - - - - 2 6 

» ♦ ♦ 

Ferruginous and calcareous brown sandstone. 
Flaggy calcareous sandstones. 
Sandy beds, loams, and clays (as at Ebring- 
ton). 
The Marlstone is used for rough walling and road-metal. 

The lower beds were exposed in a lane-cutting north-west of 
the village. There the lower rubbly beds of Marlstone (above 
the Ferruginous sandstone) yielded Ammonites spinatusy Belem* 
niteSy Gryphcea ffi(/antea, Pecten CRquivaivis, Avicula, Rhynchanella 
tetrahedra, &c. 

A section of the lower beds of the Middle Lias wad exposed in 
the deep banks of n lane Ccist of Ebrington, leading to Foxcote 
Farm : it was as follows : — 

Ft. In. 
Yellow micaceous sands - - - 4 

Flaggy calcareous and very micaceous sand- 
stone ; Avicula irupquivalvis, Pleuromya - 2 
Micaceous sands with Pholadomya, Pleu" 

romya, Modiola, more or less fragile - about 20 
Flaggy micaceous and calcareous sandstone, 

impersistent or locally hardened • - 1 

^Micficeous sands - - - - 6 

"" (Spring thrown out by clays.) 

The Marlstone has been quarried at various points around 
Ebrington Hill, and Mr. Howell notes that a email outlier of 
this rock occurs at Moon Hill, to the north-east of Mickleton. 
He stales that on the eastern escarpment, between Chipping 
Gampden and Stow-on-the-Wold, the Rock-bed becomes 
gradually thinner, and the escarpment gradually disappears-t The 
rock was quarried nt Cadley Hill, south-wcsl of Aston Magna; 
further south near Stow-on-the-Wold, the beds resemble those seen 



Middle 
Lias. 



* S«e HqIU Geol. Cheltenham, p. 23. 
t /6tc/„ p. 19. 
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near Stroud, the section noted by Prof. Hull, between Mangers- 

bnry and Oddington, being as follows* : — 

Ft. In. 
Upper Lias -. - "^ - - - -25C 

''Bpjid of ironstone - - - - 6 



Middle 
Lias. 



Four beds of calcareous sandstone with part- 
ings of clay and shale - - - IS 
^Sand and sandy shale- - - about 25 

The band of ironstone was said to be filled with specimens of 
Ammonites annulalu$ [ ? A. Holandrei] ; and, as remarked by 
Prof. Hull, it is very constant at the top of the Marlstone all over 
the neighbourhood. He noticed it at Daylesford, and south of 
Little Milton, and again at Dean near Chadlington. Probably it 
represents the ** Transition Bed " of Northamptonshire. 

Towards Upper Slaughter the Middle Lias is much concealed 
by tumbled masses of Inferior Oolite. Further south, along the 
borders of the Windrush valley, the beds are rarely exposed, and 
no sections have been recorded. In company with Mr. W. Topley, 
I saw traces of the Rock-bed, with Rhynchonella teirahcdray north 
of Dodd's Mill, near Rissington ; but in this area, judging from 
the evidence of the Burford boring (see pp. 158, 221), and the 
absence of quarries, the Rock-bed is probably but a few feet in 
thickness ; while the lower sandy shales of the Middle Lias may 
not exceed 50 feet. Stiff clay with Ammonites margaritatns may 
occur below, as at Deddington. 

* Geol. Cheltenham, p. 20. 
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CHAPTER VIII. 

MIDDLE lAAS-^^continned). 

Local Detail?, 

Oxfordshire^ Northamptonshire, and Warwickshire. 

Proceeding along the Windrush valley into Oxfordshire we find 
an inlier of Middle Lias along the borders of the Taynton brook'; 
and this points to some undulations accompanied by faulting of the 
strata. 

Prof. Hull observes that in a quarry south of Daylesford, the 
Marlstone contains pebbles of slate and sandstone ; at Tangley, 
north of Taynton, the higher beds of the Middle Lias are repre- 
sented by ferruginous sandstone with Beleimiitesy 10 to 20 feet 
thick ; and at Milton Field, S. W. of Sbipton-under-Wych- 
wood, there is about 24 feet of Marlstone, brown sandstone, and 
Bandy shale, resting on clays.* At Ascott-under-Wychwood, the 
upper beds of the Middle Lias were shown to a depth of 10 feet. 

South of Chadlington, to the west of Calsham Bridge, the 
Marlstone was proved by Mr. F. A. Bather to underlie 40 fcet 
of Upper Lias. Prof. Hull remarks that at West End, near 
Chadlington, a bed of blue clay immediately underlies the Bock- 
bed ; while near Fawler it is underlaid by sands, with baUs of 
concretionary iron-ore in the top bed. In the railway-cuttings 
between Fawler and Charlbury the Marlstone was nearly 10 feet 

thick.t 

In the valley of the Evenlode at Fawler, west of Stonesfield, 
the Marlstone has proved sufficiently rich in iron-ore to have 
been worked with profit. According to Prof. Hull, the average 
thickness of the bed is 6 feet, and it no doubt extends in a north- 
easterly direction to the neighbourhood of Adderbury and King's 
Sutton. Northwards ^' at Enstone the ore crops out in the valley, 
and as far as appearance is to be relied upon, there seems little 
difference between its qualities there and at the Evenlode 
valley."t Westwards of Ascott the beds although *• highly 
ferruginous '* in places, are for the most part sandy in character ; 
and even west of Charlbury the rock-bed is not so ferruginous as 
to the east, and its thickness is less. 

The sections at Fawler showed, beneath the Upper Lias, about 
10 feet of oolitic ironstone, reddish-brown with greenish portions 
towards the base, with here and there clusters of Rhynchonella 
tetrahedra and Terehratula punctata. Beneath the Marlstone, 
about 11 feet of sands, and then blue clay with Ammonites 
margaritatus in the upper part (as before mentioned, p. 158) werie 
reached.§ 

* HuU, Geo). Cheltenham, pp. 20-23. 
t Geo). Woodstock, p. 10. 
X See Hull, Geol. Woodstock, pp. 10, 11. 

§ F. A. Bather, Quart. Joarn. Geol. Soc, vol. xlii. p. 144 ; see also Hull, Geolo- 
gift, Tol. iii. p. 804. 
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A boring at Burford Signett penetrated the Middle Lias, which 
appeared to be about 100 feet thick, (See p. 168.) The strata 
assigned to this formation, were mainly clays, the Rock-bed being 
no more than 3 ft. 6 in. thick. As the clays of the Middle Lias 
merge downwards into those of Lower Lias, [the thickness given 
is approximate. 

Proceeding northwards the Maristone has been extendiveiy 
quarried for building-stone at Chastleton, where it is 12 feet thick 
and forms " a bold promontory."* The details of the beds in 
this neighbourhood, were afforded by a well sunk at Kingham 
Hill v&bout 630 feet above ordnance datum) in 1880, by Mr. 
W. Taylor. They were as follows : — 

Ft. In. 
Made ground ... 

Upper Lias - Claj ----- 

Transition Bed P - (g^^^lty'^faf"" "' '"-'"' T 

Soft red rock - - . 

Hard do. ... 

Grey loamy sands - - - 

Middle Lias ^ ^^^ ^^^ "^^ - - - - 

^ Clayey sand with concretionary masses of 

sandy limestone . . - 

Sandy clay - - - - 

LBlue clay - - - - 



2 





• 47 








f> 


1 





3 


3 


16 





9 





15 





12 





9 





o 




120 






Ammonites 
margariiatus. 



During the construction of the tunnel of the Banbury and 
Cheltenham railway north of Chipping Norton, there were opened 
up gopd sections of the Middle Lias, and the beds were noted by 
Mr. Beesley as follows : — 

Ft. In. 
Upper Lias clay - - - - - 10 

'^''„^;J,iX-}B-- Bandy nu^lstone . - 11 

rShale - - - - 6 6 

Middle j rr r I Bluish-^ey siliceous maristone 
Lia». \ r^^Lu.. < (Witt • band of Serpute. Ditn^ 

circinata, m middle) - - 2 

Shale - - - - 4 

Blue siliceous maristone - 2 6 to 4 6 
Blue shales. 

From information given by Mr. J. A. Moseley, the resident 
engineer, Mr. Beesley ascertained that the beds roll over within 
the hill through which the tunnel was carried, so that in the 
middle, the lower band of ** maristone " is above the roof, and the 
railway^is excavated in the CapricomH8'c\Bj9 below. Few fossils 
were procured from the Maristone. 

From the hard bands of Middle Lias below, which consist of 
micaceous and calcareous sandstome with pyritic concretions, and 
from the shales (which belong partly to the zone of A, margari- 
tatus and partly to that of A. capricornus), many fossils were 
collected by Messrs. J. Windoes, E, A. Walford, T. J, Slatter, and 

* Hull, G«ol. Cheltenham, p. 20. 
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T. Bee&ley. Especially fine specimens of Cypricardia intermedia, 
Cardium truncatum^ together with A. margaritatusy A. nitescenSy 
Area Stricklandiy Gryph(Ba gigantea^ and Avicula incequivalms, 
were procured from the hard bands. It was not possible to 
separate the speoimens obtained from the zones of A. margari^ 
tatus and A, capricornuSy and Mr Beesley has given a joint list 
of species obtained from them.* (See p. 158.) 

The " Brown Rock/' as the Marlstone Kock-bed is sometimes 
called^ ifct perhaps nowhere better developed than in the country 
around Banbury. It covers an extensive area to the north-west, 
fprming a plateau that rises gradually from about 500 feet at 
Banbury to the escarpment of Edge Hill 710 feet high, and this 
area is intersected by several deep Viilleys, The higli roads are 
broad, with grassy margins, the hedgerows are well timbered, 
while the ploughed fields display a rich brown soiL As remarked 
by Mr. Beesley, the disintegration of its friable stone has pro- 
duced the rich red land, so well adapted for wheat-growini^, 
which Arthur Young has called the glory of Oxfordshire, f He 
adds that some of the beds yield nodules rich in phosphates, 
which doubtless contribute largely to the fertility of the soil. 

The rock is usually worked to a depth of from 5 to 14 feet. 
Its thickness at Banbury is estimated at 12 feet by Mr. Beesley, 
and it may be seen south-west of the town, north of Spring 
Cottage, where there is a deep excavation regarded as a natural 
cavern. The rock too has been quarried further north, and 
again near Drayton. Its thickness at Hornton must be about 
30 feet, and at Swerford 20 feet. It Is exposed at Great TeW, 
in road-cuttings at Broughton, west of Bloxham (see p. 269), and 
again east of Deddington. 

The Marlstone consists of more or less ferruginous and sandy 
limestone, the amount of sandy and calcareous matter being very 
variable. It is blue or greenish in colour where least exposed to 
the action of the weather, but otherwise presents various shades 
of brown. It is separated by partings of sandy loam or clay. 
The ferruginous matter, often of a concretionary nature and some- 
times iron-shot, varies considerably in different places, so that 
while at Adderbury and Kings Sutton the rock has become 
sufficiently charged with iron-ore to yield from 18 to 34 per cent, 
of metal, at Hornton and Edge Hill the stone furnishes a tough 
earthy limestone employed for building and paving. The greenish 
and brown varieties, often intermixed in edifices, form pleasing 
contrasts. Houses and walls in and around Banbury are largely 
constructed of the Marlstone, mostly of the brown rock which in 
appearance reminds one of the carstone or ** gingerbread " stone of 
Hunstanton. In some places concretionary nodules impart a con- 
glomeratic aspect to the stone. I am informed by Mr. E. A« 
Walford that a bed of this nature occurs at the base of the Bock- 

♦ Proc. Geol. Assoc, vol. v. p. 181. 

t Proc. Warwicksh. Field Club, 1872, p. 16 ; YouDg, Agriculture of Oxf ordshire^ 
1809, p. 5. 
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bed at Hook (or HogV) Norton, where the overlying portions of 
the Marhtone have recently been worked (east of the railway- 
station) for ironstone. (See p. 304.) 

The most abundant fossils in the Marlstone are Terebratula 
punctata and Rkynchonella tetrahedra, which occur in clusters at 
various horizons : but often the stone is free from fossils and to 
this absence Hornton owes much of the excellence of its stone. 
Waldheimia resupinata, W, Moorei, W, indentata, and W, per^ 
farata nre also found. Belemnites are not uncommon, but 
Ammonites' are very rare, so far as my experience goes, for I did 
not obtain a single specimen of the characteristic A, spinatus, 
which Mr. Beesley says is not uncommon. Cardinia concinna, 
Pecten (BquivalviSy P. lunularisy Modiola^ Limay Ostrea sportella, 
Pleuromya^ and Pentacrintis, together with drift-wood and 
Saurian bones are also met with. Mr. Beesley states that 
Ammonites margaritatus sometimes occurs. Altogether he 
obtained about 80 species of fossils from the beds.* Remains of 
Polyzoa ( Tubulipora inconstans and Stamatopora)^ and also of a 
Sponge {Leucandra Walfordi) have been discovered by Mr. E. A» 
Walford.t 

Portions of the Middle Lias according to Strickland, were well 
exhibited in a cutting in Steeple Aston parish (G.W. Railway). 
He mentions that '' Two strata of stone are here exhibited, the 
upper ribout 2, the lower 3 or 4 feet thick, separated by a bed 
oF bluish sandy clay. The lower bed consists of enormous 
roundish flattened concretions 10 or 12 feet in diameter, and 
exceedingly hard. Many hundreds of tons of this rock have been 
removed by blasting,aiid are now lying on the sides of therailway/'J 

These beds are probably below the Marlstone, for Prof. Hull 
notes that the rock-bed at Lower Heyford is essentially an iron- 
ore, and rests on beds of sand, with bands of siliceous limestone, 
together about 20 feet thick. At Steeple Aston the ore, as he 
remarks, has been smelted, and from the analysis', there appears 
to be little difference in its quality from that of the bed at 
Fa\Yler.§ At Rousham also the Marlstone is highly ferruginous. 
Its thickness in this area is from 5 to 8 feet. 

The Marlstone has been extensively quarried about half a mile 

east of Adderbury church, to the south of the high road ; and 

here the beds shown were as follows : — 

Ft. In. 
' Brown and dark bluish-grey clay with interrupted 

band of pale grey and pinkish earthy limestone ; 

Ammonites serpentinus, A. communis, Belmnites 4 6 
fBrown and dark greenish Marlstone — fissile in 
I places, with A. acutus, A, communis, A, 



Upper Lias. -> 



Middle 



J • J annulatuSf A. Eseri, Rkynchonella tetrahedra, 



(Marlstone). 



Terebratula punctata, and large Belemnites in 
top bed. R, tetrahedra and Belemnites here 
and there lower down - - about 9 



♦ Proc. Warwickshire Field Club, 1872, p. 20. 

t Quart. Joiirn. Geol. See, vol. xliii. p. 632 ; and G. J. Hinde, Ann. Nat Hist., 
ser. 6, vol. iv., p. 352. 

X Strickland, Memoirs, p. 184. 

§ Geol. Woodstock, pp. 9, 10. See also J. Phillips, Quart. Joum. QeoL Soc, 
Tol. zri., p. 116, and Geol. Oxford, p. 115. 
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The beds are much shattered in places^ and the joints, which 
present a series of miniature step-like faults, are filled with clay, 
derived from the Upper Lias. The Transition Bed (see p. 228) 
is not so distinctly shown as elsewhere in the neighbourhood, being 
probably welded on to the Marlstone as it is at TUton in Leicester- 
shire. 

The railway-cutting north of the high road, showed the lower 
beds beneath about 9 feet of the Marlstone : — 

Ft. In. 

rs. Micaceous saDdy and femijeiDous beds - 7 6 

I 2. Hard rock with nodules of f^j sandy rock at 
Middle J base. Lar^e Belemnites, Pecten near to den* 
Lias. \ tatus, Modiola, Pleuromya, Rhynchonella, 

Saurian Bones (Ichthyosaurus) about 3 

1. Yellowish and bluish sandy loam - - ["^ 0] 

This section was also noted by Mr. Beesley, who recorded 
Ammonites spinatus from the ^larlstone, and A. margaritatus 
from the lower rock (= bed No. 2).* 

Large specimens of Pecten (Bquivalvis 7 or 8 inches across have 
been found in the Marlstone of Adderbury, and also near 
Chacombe (Chalcombe). 

In a trial-pit in the park at Adderbury, the following beds 
were penetratedt • — 



Middle 



Ft. 


In. 


11 





3 





1 








6 


12 






f Ferruginous marlstone ... 
Shale - - - - . 

Grey shelly limestone - - - 

uiuuic / Husty concretionary bed (" ochre ") 

^'^^' * Shale 

Pale blue arfiriUaceous limestone with concretions, 
and a concretionary bed below - - 1 

Mr. Beesley remarked that the lowest bed here corresponds to 
the calcareous sandstone of Twyford. He adds, '^ The same bed 
was formerly worked for road metal at Warkworth, one and a 
half miles east of Banbury. It was there a blue marly sandstone, 
four feet thick, and full of fossils. The same bed and the under- 
lying marly clays may be well seen in a brickyard south of 
Deddincrton. The * Cross * at Banbury stands upon this stone." 

The lower beds of the Middle liias were also exposed in the 
railway-cutting west of the high-road between Adderbury and 
Aynho. The section described by Mr. Beesley was as foUowsJ : — 

fRubble of Marlstone. Ft. In. 

I Siliceous marlstone in concretionary blocks, 

ik#jji T- J with much calcite - - - - 2 
Middle Lias<! ^^^^ ^^^^ ^ ^ 

I Concretionary blocks. 
l^Dark blue laminated clays. 

The lowest beds of blue clay, of which only a few feet were 
seen, were referred to the zone of A. capricornus by Mr. Beesley, 
but it is questionable (in the absence of fossil evidence) whether 
that zone was reached. 

♦ Proc. Geol. Assoc., vol. v. p. 167. 

t T. Beedey, Proc. Warwickshire Field Club, 1872, p. 15. 

X Proc. Geol. Assoc., toI. t. p. 167. 
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At the old ironstone-workd at King's Sutton, situated south- 
west of the railwaj-station, the section as recorded by Mr, 
Beeslej was as follows :-^ 

Ft. In. 
Soil, very sandy and ferruginous • - 2 6 

Marlstone, witn beds yieloing Rhynckanella 
tetrahedra, Waldheimia re$upmata, and 
Middle Lias'^ TerebraiiUa ounetata - - - 4 2 

'^ Marlstone wita phosphatic concretions - 10 
Rusty ferruginous concretions - -IS 

Sandy blue marl and grey shale. 

The Brickyard at the Wharf, Twyford Lane, west of Twyford 
Bridge, N.W. of King's Sutton, showed the following section of 
the lower beds of the Middle Lias : — 

Ft. In. 
'Micaceous grey and blue sandy loams - 5 6 
Hard blue micaceous and sandy limestone 
or calcareous sandstone (like the Starfish- 
bed of Seatown, Dorset), with irony 
nodules and in places septaria ; Belemnites, 
Pecten, Pleuromya eostata, Modiola 2 to 3 
Blue micaceous clays with small ironstone- 
and cement-stone nodules; Ammonites 
margariteUus ... about 10 

Mr. Beesley informed me that the Lower Lias with Ammonites 
capricornuSf &c. had been formerly reached in the excavations 
here.* The fossils enumerated by him indicate beds like those 
from the Chipping Norton tunnel (see p. 158) at the junction of 
Middle and Lower Lias. A. Henleyi (prob. striatus) has also 
been recorded. 

Similar beds of Middle Lias have been exposed at the brick- 
kiln south of DeddingtoUy where the section was as foUows : — 

Ft. In. 

^ Brown and pale* grey ferruginous and mica- 
ceous sands and sandy clays ; with indurated 
calcareous, brown and grey shelly sand- 

ikir-jji r *.. J stone in places ; one layer at the base - 
Middle Lia8<^ g^^^ ^^^^ micaceous clay, passing down 

into blue micaceous and slightly cal- 
careous day, with cement •stones ' and 
septarian limestones - - about 20 

Large and small Belemnites, B. cyltndricus, B. elongatus, nnd 
B, vulgaris^ Ammonites margaritattis, Cypricardia^ Ostrea, 
GryphcBa, Pecten cequivahis, Plicatula spinosa, some of them 
pyritic, occur in these beds. Ditrupa drcinata is recorded from 
the calcareous sandstone at Twyford and Deddin^ton, and from 
a similar bed at Chipping Norton, by Mr. E. A. Walford. 

The sands and sandstones below the Rock-bed, were to be seen 
on the Banbury road, a little west of Middleton Cheney, f 

* Proc. Geol. Assoc., toI. iii. p. 197. 
I Green, Oeol. Banbury, p. 6. 

B 70859. P 
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The Transition-bed (with Ammonites acutus) has not been 
particularly noted south of Banbury. It is probably present in 
the following section takc^n in a quarry north-west of 



Broughton : — 



Ft. In. 
2 6 



Upper Lias. < 



Transition 
Bed. 

Middle Lias. 
(Marlstone.) 



1 
1 








8 
8 



10 



'Brown clay ... about 

Ferruginous earthy clay and stone. AmmO" 

nites communis, A. btfrons 
Purplish and grey clay. Belemnites - 
Mottled earthy and ferruginous limestone. 
Ammonites and Belemnites 
J Ferruginous grey and yellowish marly bed. 
\ A, communis - - - - 

rHard brown and greenish earthy limestone." 
J Belemnites abundant. 
I More or less ferruginous sandy limestones, j 
L and ironstone-beas - - about J 

The brickyard east of Easington, south of Banbury, showed the 
lower beds of Middle Lias as follows : — 

Ft. In. 

f Fissile calcareous sandstone in large con- 
I cretionary masses, very micaceous 6 to 1 6 
Middle Lias. ^ Pale grey and brown micaceous sandy clays, 

I with paler lenticular clayey masses. Ob- 
(. scure casts of Avicula, Cardium, &c. • 20 

These beds are exposed in the cutting of the road leading from 
Banbury towards Broughton. 

Lower beds are exposed in the brickyard by the Canal to the 
east of the above, as follows : — 



Middle Lias - Brown micaceous sandy loam - about 

r Blue sandy and micaceous shaly clay, with 

Lower Lias. < hard brown earthy and ferruginous 

L nodules . . - - about 



Ft. In. 
10 



10 



I found one specimen of Ammonites capricomus, and it is 
probable that the beds represent the base of the zone of A. 
viargaritatus and the top of that of A, capricornus. This is 
confirmed by the list given by Mr. T. Beesley, where fossils 
characteristic of the two zones are given ; but they are not 
separated by him. A separate list is however given of fossils 
from the shales immediately below the Marlstone of Banbury, 
11) which the occurrence of Ammonites Engelhardti with A. 
inargaritatus is noteworthy.* (See also pp. 216, 231.) 

The most important quarries in the Marlstone of this district 

are those at Hornton, about a mile north-west of the church. 

There arc several quarries here, from 20 to 25 feet deep. These 

show the following beds : — 

Ft. In. 
Brown loamy and rubbly soil - 3 to 5 

Bromnd (ana blue-hearted) sandy ironstone 
more or less rubbly or thin bedded - 7 

I Brown bluish and greenish, slightly calcareous, 
I sandy ami ferruginous stone, m more or 
[_ less massive beds • • • about 9 



Middle Lias 
(Marlstone). 














Proc. Warwickshire Field Club, 1872, pp. 14, 15. 
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' At another quarry a little further north the beds are opened 
to a depth of 25 feet — the lower beds for 7 or 8 feet being the 
best. At this locality a well was sunk 33 feet, water standing at a 
depth of 3 feet. 

RhynnhoTulla tetrahedra occurs in clusters here and there in 
the stone^beds^ Terebrattda punctata is also met with^ as well as 
Belemnitet, but the stone is usually free from shells. 

The lower beds of die Middle Lias (zone of Ammonites mar- 
ffaritatui^vfevQ shown in a deep cutting in Hornton Lane, which 
I visited in company with Mr. £. A. Walford and Mr. S. Stutterd. 
The seetoen was as follows : — 

jji»»n »> Ft. In. 

"Brown stone with much femiginons matter* 

and pebbly layer at base. 
Shelly marlstone - - - 

Micaceous sandy shale • 

Middleiiias ^ Hard flaggy, micaceous and calcareous sand- 

I stone - . . - - 

|Mi< 






Micaceous sandy shale 



I Shelly stoncy 2 or 3 beds, Cardinia - 



2 





12 





1 


2 


15 





2 





25 






■.'.>r. - 
' ^' ' t^Micaceous sandy shale - • about 

M^;* Walford has also noted an exposure of the lower clayey 
beds with Cypricardia cucullata, at a brickyard at Arlescote, 
north-eiist of Edge Hill. 

Th^scarpment of the Middle Lias at Edge Hill, as remarked 
by A.'^'BeesIey, has the appearance of a steep ridge with a re« 
inarkably well-defined edge^ when seen from the Warwickshire 
vale beneath. The outline of the figure of a horse^ said to have 
been originally cut during the fifteenth century, in the red loam 
on the side of the hill, near the old inn called the Sun Rising, 
and not far from Edgehill House, gave the name of the Yale of 
B<ed Horse to the plain below.* Conybeare writing in 1822 says, 
** The original figure has been destroyed by recent enclosures ; 
and modem art has only replaced it by a miserable colt."t 

South and south-east of Edgehill Tower and Ratley Grange, 

there are several large quarries where the stone, generally termed 

the Hornton Stone, is obtained. The strata are worked to a 

depth of about 25 feet : the uppermost beds are broken up near 

the surface by the action of rain and frosts. The following section 

was shown in one of the quarries : — 

Ft. In. 
Traces of Upper Lias with Ammonites serpen-' 
tiuus, in clay in the joints of the Marlstone. 
'False-bedded blue and brown earthy lime- 
stone, used for road-metal, althongn not so 
much in demand now as formerly - 10 

Thin bedded blue-hearted marlstone very 
Middle Lias. ^^ hard. <* Rag course" used for paving -40 

Rubbly stone - - - - I 

Thick bed of marlstone much fissured, used 

for walls, and known as " Hawkins Bed " 3 
^Buildinp: stone — best stone • - - 7 



• History of Banbary, 1842, p. 310. See also Walfotd, Edge Hill: The BattU» 
&e. Sto. Banbary, 1886. 
t Outlmes of the Qeol. Kng. and Wales, p. 249. 

p 2 
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On Burton Dassett Hill there are large quarries in the Marl- 
stone. On Bitham Hill which rises to a height of about 690 feet, 
the rock is very ferruginous ; and siliceous iron-ore also oocnrs 
in the outlier of Northampton Sands at this locality.* 

North-east of Banbury, at Chipping Warden, Aston-le-Wall, 
and other localities, iu Oxfordshire, Northamptonshire, and 
Leicestershire, a remarkably fossiliferous bed occurs at the 
junction of the Middle and Upper Lias. This was termed the 
Passage-bed in 1872 by Mr. T. Beesley,t who first found in it 
Ammonites acutus, a species described by Prof. Tatc^ 

In 1878 Mr. E. A. Walford, applying the term " Transition- 
bed," gave detailed accounts of the sections, and a long list of 
species obtained from the bed; and subsequently it has been 
examined and described in many places by Mr. Beeby Thompson, 
Mr. K Wilson, and Mr. W. D. Crick. 

The bed consists of grey friable marl and marly limestone from 
1 to 9 in. thick, and from the local abundance of Ammonites 
acutus it might have been termed the zone of that fossil, although 
the species occurs both above and below the particular horizon. 

Mr. Walford observes, " We may regara it as a Transition 
bed from the Middle to the (Jpper Lias, though for purposes of 
classification, taking Tate and Blake's divisions as our standard, 
from a preponderance of medio-liassic forms it may be plaoed as 
the uppermost member of the Middle Lias, and hence perhaps 
synchronous with Tate and Blake's zone of Ammonites annte- 
latus.^'^ As the zone of A. annulatus is generally regarded 
as the base of the Upper Lias, we should most properly group 
the Transition Bed with that formation. It is, however, more 
convenient to consider it with the Middle Lias. 

Its comparative insignificance is quite consistent with the 
notion that to some extent, when present in a friable condition, it 
may be due to the decomposition of the underlying rock, while the 
frequent abundance of organic remains may in this, as in other 
cases, be the result of some pause in the deposition of sediment 

The following section, seen in a pit about a mile north of the 

church at Chipping Warden, gives the general characters of the 

beds. I was conducted to the spot by Mr. Walford who has 

given the following description || : — 

Ft. In. 

Soil 16 

rGrey clay with interrupted band of white 
Upper Lias. J limeatone, with Ammonites erassus, &c. - 2 2 
I Limestone in two bands ( Fish-bed )« with 
L Fish-remains, Euomphalus (P) minutus, &c. 3 

* Hall, Explanation of Hor. Section, Sheets 71 and 72, p. 5. 
I Proe. Warwickshire Field Club for 1872, 1873, pp. 18, 23. 

I Geol. Mag. 1875, p. 204. 

§ Proc. Warwickshire Field Club for 1878, 1879 ; and Joom. Korthampt Nat. 
Hittt Soc., 1883, p. 296. See also Beeslev, Proc. Geol. Assoc, vol. v. p. 167. 

II On some Middle and Upper Lias Beds in the Neighboorhood of Banbuir, Proc. 
Warwicksb. Nat. Club, 1878, Reprinted Banbury, 1879, p. 6 ; see also Notes on 
some Polyzoa from the Lias, Qnarl. Joom. Geol. Soc., vol. zliii. p. 638 1 and B. 
Thompson, Bep. Brit. Assoc, for 1891, p. 884. 
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Transition /Grej friable and fiossiliferoua marl, with 
Bed. \ Am, acutus. A, Holandrei, &c. 

Middle Lias | |^^^i' l!™"**^"* ^" ^"^^ ' 
(Marlstone). \ p^^^, imestonc 



Ft. Iw. 

6 

3 

3 



The following are among the species recorded from the 
Transition Bed, bj Messrs. Beeslej, Walford, and Beebj 
Thompson : — 



Hybodns. 
Ammonites acutus. 
— ' annulatus.* 

csecilia. 

communis. 

crassus. 

Holandrei.* 

Belemnites cylindricus. 

tripartitus. 

Actseonina ilminsterensis 
Amberleya gaudirana. 
Ataphnis CFurbo) buUatus. 
Bonrguetia (Phasianella) turbinata. 
Ceritninella oonfusum. 
Cerithium ferreum. 
— liassicum. 
Cryptaraia ezpansa. 

consobrina. 

solarioides. 

Pitonnillus liDctus. 
Pleurotomaria helicinoides. 

rustica. 

Trochus ^Sgion. 
rotulus. 



Trochus pethertonensis. 
Turbo crfclostoma. 
TurritelLEk DunkerL 
Dentalium elongatnm. 

liassicum. 

Astarte subtetragona. 

Voltxi. 

Oardium truncatum. 
CucuUsea hettangiensis. 

Munsteii. 

C^ricardia cucullata. 
Lima eucharis. 
— *- punctata. 
Macrodon Buckmani. 
Ostrea sportella. 
Pecten dentatus (var. of sequi* 
valvis). 

textorius. 

Plicatula spinosa. 
Unicardium subglobosum. 
Rhynchonella tetoahedra. 
Waldheimia resupinata. 
Tubulipora inoonstans. 
Montlivaltia tuberoulata. 



Mr. Walford has compared this Transition Bed with the 
Marlstone PleurotomariaAyed on the Dorsetshire coast^f and there 
can be no doubt of the beds beii^ on the same horizon, while the 
overlying basement-beds of the Upper Lias exhibit a close corre- 
spondence thronghout the country. Hence this fossiliferous 
horizon may occur at any locality at the junction of the Middle 
and Upper Lias, although as in the case of other fossil-beds, a 
rich harvest of fossils is only here and there preserved. 

Deposits yielding many Liassic Gasteropods have been noticed 
by C. Moore in South Wales and on the Mendip Hilk^ but these 
appear to be of diiferent ages, although some of them have 
yielded species found in the Transition Bed. They have been 
compared with deposits discovered by Deslongohamps^^ at 
Fontaine-^toupe-Four and other places in Normandy^ where the 
fossiliferous beds occur in rifts and hollows of the Silurian rocks. 
In that country, as in this, accumulations of different Liassic 
stages are preserved, some being evidently equivalent in age to 



* Considerable difficulty appeani to exist in sepamtiog the forms identified 
annolatus and A. Holan^i, in the district around Banbiiry. (See p. 950.) 
I Journ. Northamptonshire Nat. Hist. Soc. 1883, pp. 296, Stc 
X Quart Joum. Oeol. Soo., toL xxiii. pp. 475, &c. 
§ M^moire sur la Couche k Leptseua du Lias, 1859. 
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the Transition Bed. Mr. Walford also points out that in Bavaria 
Dr. Stoliczka has recognized a similar fauna, and, from the 
Hierlatz and Adnether beds^ has obtained many species of Liassic 
JUoIlusca. - 

At Coton^ north-west of Chacombe^ the Marlstone is quarried 
for road-metal. It has yielded in this neighbourhood fine speci- 
mens of Pecten cBquivalvis, also Pleuromya costeda, and Cardium 
truncatum. The lower beds of the rock are in places of a " slaty " 
nature, and I was informed by the Rev. W. A. Ay ton that the 
porch in Chacombe Church was roofed with this material 

At Thenford the Marlstone was formerly dug for building- 
stone. The beds have been opened up to a depth of 12 feet, with 
the Transition-bed and Upper Lias on top. (See p. 274.) 

Many ofher quarries have been opened up in the Marlstone and the 
basement-beds of the Upper Lias. Most of these have been described by 
Mr. Beeby Thompson.* In addition to the localities before mentioned, sec- 
tions have been noted at Wardington^f Byfield, Hellidon, Kingbrook north of 
Preston Capes,!}; Badby, Newnnam, W.N.W. of Stowe-nine-churches, and 
nearer Northampton at Rothersthorpe, and Milton Malsor (or Middleton). 

In a boring at the Kettering road, Northampton, the thickness 
of the stone-beds was proved to be 21 feet ;§ and of the under- 
lying Middle and Lower Lias clays, 546 feet. Similar beds were 
proved at the London and North -Western Bail way-station at 
Northampton. At Kingsthorpe, 760 feet of Upper, Middle, and 
Lower Lias were proved. (See p. 278.) At Harrington Dale, near 
Orton, west of Kettering, the Marlstone was bat 6 feet thick, 
the und.erly ing Middle Lias clays about 1 1 2 feet, and Lower Lias 
600 feet; and between Kettering and Weekley a boring proved 
18 feet of rock, beneath 44 feet of Upper Lias clay. 

With regard to the southerly and south-easterly extent of the 
Middle Lias we have but little evidence. The boring at Wytham, 
near Oxford, probably passed through beds of this age at depths of 
from 462 to about 500 feet : but the record is not sufficiently 
definite for precise statements. A boring at Stratton Audley in 
Buckinghamshire, commenced in the Combrash, was carried to a 
depth of 243 feet, finding water, probably in the Marlstone.|| 
Far eastwards at Stony Stratford it was probably reached at a 
depth of 191 feet ; there its thickness appears to be 5 feet 
6 inches, and it rested on 18 feet of hard clay with occasional 
bands of rock. (See p. 277.) 

Over much of Northamptonshire, as in Oxfordshire, the 
boundary between Middle and Lower Lias (on the Geological 

* The Middle Lias of NortbampCoushire, 1889. See also H. B. Woodwud, 
Bzplaoation of Horizontal Section, Sheet 140, p. 7. 

f Conybeare, who was at one time Curate of Wardington, has giren a good 
accoiint of the physical features of this district. Geol. Eng. a&d Wales, 1S2S, pp. 246, 
kc 

X H. B. Woodward, Explanation of Horizontal Section, Sheet 140, p. 7. 

§ H. J Bonson, Quart. Jonm. Geol. Soc., vol. xl. p. 484 ; Jovrn. Northampton 
Nat Hist. Soc., vol. ii., p. S9, vol. It. p. 57 ; and Thompson, Mid. Lias, Northampt., 
p. 48. 

II Oreen, GeoL Banbury, p. 28. 
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Snrvej Map) has Ijeen generallj taken on top of the stiff blue 
claySy that belong in part to the zone of Ammonites margaritatus. 
Thus near Welton Station, claya, yielding Ammonites marpari" 
tatuSj A. Engeihardtif and also Lower Lias species, have been 
dug in a brick-yard. (See pp. I665 226.) 

'' The exact boundary between the Lower Lias and the Marl- 
stone^ north and east of Weedon [Beck], is uncertain, the ground 
being thickly covered with drift."* 

Outliers of Marlstone occur ai. Bodington, Napton Hill, Upper 
Shuckburgh, Welton, Watford Gap, and Barby Hill.f 

Marlstone (hard calcareous sandy and ferruginous rock) has 
been quarried near Brockball and Whilton^ and the rock has 
been exposed near Long Buckby and Watford. The lower beds, 
consisting of sandy and ferruginous shales and clays, with hard 
concretions, have been opened up at Murcot, near Long Buckby, 
and at Winwick. As remarked by Mr. Aveline, inliers of Marl- 
stone may occur to the south-east, near Cotte8brook,in the valleys 
of the Stowe and Callender brooks, where some rock-beds were 
observed during the progress of the Geological Survey, but the 
beds occupy too small a space to be clearly represented on the 
map. I 

North-east of Elklngton the Marlstone appears to be repre- 
sented by soft beds of sand:3tone an! sandy marl, while in the 
neighbourhood of Welford the beds are concealed by Drift. 

Leicestershire f Rutlandshire^ and Lincolnshire, 

The poor development of the Marktone (as a rock-bed) in 
parts of this re^on, was shown in cuttings of the railway between 
Northampton and Market Harborough, near Ozenden Magha^ 
-where according to Mr. Aveline the beds are represented by 
sandy shales and a few concretionary beds ; nevertheless the beds 
form a striking escarpment at East Famdon and the Holthorpe 
Hills, north of Sibbertoft. In the outlier at Gumley no bard 
beds were seen, soft ferruginous sand being observed beneath a 
covering of Drift. § 

The lower beds of the Middle luias were shown in a brick- 
yard at Little Bowden, south of Market Harborough station : — 

Ft. In. 

M'rlril f ^li^htly micaceous and sandy shales, with, at base, 
Miaaie 1 ochreous nodules with Ammonites margaritatus 

^^' L and Gasteropoda - - - - 6 

Lower f Grey shales passing down into blue clay, with 

Lias. \ Ammonites capricomus - - - 55 



* Aveline and Trench, Geol. part of Northamptonshire, p. 5. In this work, 
fossils, from the Middle and Upper Lias are not separated. 

t Rep. Kogby School Nat. Hist. Soc, for 1869, p. 27, and 1878, p. 44. 
X Geol. parts of Northamptonshire and Warwickshire, p. 6. 
§ Aveline and Howell, Geol. of part of Leicestershire, p. 5. 
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The local attenuation of the Middle Lias in this area is borne 
out by the observations of Prof, Judd, who in describing the beds 
in Rutlandshire and bordering tracts, remarks that while 150 feet 
thick in the northern part of that area, they are reduced to less 
than half that amount in the southern part.* 
. The divisions observed by Prof. Judd in Rutlandshire and 
adjoining tracts, may be summarized as foUowsf : — 

5. MarUtone Rock-Bed, — Limestone, more or lebs femiginouB, and 
uatsiiig in places into a good ironstone. The rock is often crowded with 
lossils, its mass being made np of fragments of Crinoids, spines of Echino* 
derms, Serpulss, and fragments of shells, while certain beds in it (locally 
known to quarrymen as 'Macks") consist of an agglomeration of shells of 
Rhynchonella tetrahedra and Terebraiula punctata^ usually filled with finely 
crystallized calcspar. BeUmnite$ paxillona and B, elongatus are extremely 
almndant in the Kock-bed, and serve to distinguish it from the Northampton 
Sand, which often resembles it in mineralogical characters, but in which 
BeUmmtes are exceedingly rare. Amnumites are not abundant in the Rock- 
bed in this district, but at some points, as Edmondthorpe, Loddington and 
Hominghold, Ammonites communis^ and A, annulatus occur in considerable 
numbers ; A, spvMtus, and some varieties of A. margaritaius, are also found in 
it, but much more rarely, in this district. Large specimens of Peciem 
cdquivalfns, with the highly-characteristic P. dentcUus, also Hinnites abfeetut, 
and Afficula inaquhalvis, are among the most abundant forms ui the 
Rock-bed. 

The Rock-bed is very variable both in thickness and mineralogical character; 
it is finely developed in the neighbourhoods of Tilton-on-the-HiU and 
Somerby, near the former of which pUces, it is seen to measure 18 feet 6 inches 
in thickness ; towards the east and south, however, it attenuates very rapidly, 
being only 8 or 9 feet thick about Oakham, 2i feet at Alexton, 2 feet at 
Godeby and at Hominghold, and less than 1 foot between Keythorpe and 
Hallaton. Besides being greatly diminished in thickness, the bed sometimes 
loses its calcareous chanicter and becomes sandy, in these cases often resemb- 
ling the other hard beds which occur lower in the Middle Lias. When the 
junction of the Upper I^ clay and the Rock-bed is seen, the latter often 
presents the appeurance of having sufiEered erosion before the deposition of the 
iormer. Insignificant, however, as the Rock-bed often becomes, there is 
no certain evidence of its actual disappearance within the area, but in places, 
its presence being doubtful, it is indicated on the map by broken lines only. 

4. Light blue clays, with bands of ironstone-balls of concentric structure, 
/and usiiallv very unfossiliferous. These beds are exposed in some brickyards 
about Oakham, at Langham, and at Market Harborou^h. At some places 
they contain beds of green and brown sand, as near Hominghold. 

3. Beds of blue clay with septaria, the latter not unfrequently containing 
■Specular Iron, and weathering to a red colour. They contain nianv of the 
fossils recorded ftrom the preceding beds, but less abundantly. Thej are 
exposed in Belton, Hallaton, and Cranhoe brickyards. 

2. Beds of blue, highly micaceous clay, with large septaria crowded with 
fossils. There were two brickyards in these beds at Ouston, and between 
Whissendine and Pick well. The most abundant species in these beds are 
Ammonites margaritatus {the Isxgetypicalfoxm^Belemnites elongatus, Oryptania 
{HeUdna) expansa, Avicula inaquivalvis, Hippopodium ponderosum, Atodiola 
scalprum (very abundant), Cardium truncatwn, Pleuromya costata, and 
Pentacrinus suhanj^tUaris. 

1. Soft, yellowish-brown, sandy and micaceous ironstone, crowded with 
easts of shells, and alternating with light blue clays. These ferruginous bands 
vary very greatly in number and thickness, and are sometimes nodular. They 

* Geol. RutUnd, p. 64. 

t Geol. Ratland, pp. 64-66. 
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are especially chancterifed by tbe abundance of several small varieties of 
Ammoniteg margaritatui and (fardiwn truncatum. They were exposed in the 
Melton and OajLham Canal between Edmondthorpe and Whissendine station, 
in the hill east of Whissendine station, at Blaston, Loddington, and Deepdale^ 
The clays of this division pass down into the Lower Lias clays with 
AmrnonUeM eapricomus, &c., and (as remarked by Prof. Judd) it is not 
always easy to separate them, so that their boundaiy on the map is represented 
bya raroken line. 

Referring to the neighbourhood of Neville Holt, Prof. Jadd 
Bays, *' It maj be considered by some as open to question whether, 
at this and some other points, the Marktone Bock-bed has not 
been wholly removed by doDndation before the deposition of the 
Upper Lias Clay. The more probable opinion, and th&t which 
has been adopt^ by the Sarvey, is that tne Marlstone Bock-bed 
is represented in a greatly attenuated and rudimentary condition 
by the nodular bands which occur at the top of the Middle Lias 
Series. Indeed, at some points there occurs a transition from the 
irregular and inconstant nodular bands, to a well defined Rock-bed 
presenting the characteristic features, both lithological and 
palsBostological, of the highest member of the Middle Lias."* 

The thidkness of the Rock-bed at Great Bowden is only 2 feet, 
according to Mr. H. E. Quilter. In this neighbourhood he notes 
that there is a clear line of demarcation between the Middle and 
Lower Lias. The Middle Lias clays contain ironstone-nodules, 
as in the section noticed at Little Bowden, and they are very 
unfossiliferous, while the Lower Lias days below, contain nodules 
with Ammoniies eapricomus and other {ossils.t 

In a brickyard near Sutton Basset, Prof* Judd noted the 
following section : — 

Ft. In. 
Soil and Boulder Clay - • • -30 

Upper Lias Clay - • • • - 2 

'"Bock-bed of the Marlstone - - -40 

Brown clay, oontaininff nodules of ironstone - 3 
" Skerry, a thin band of fBrruginous, micaceous 
Middle Lias. < rock, crowded with fossils - • - 6 

I Laminated, lisht-blue clay containing much mica ; 

I weathering brown near the joint-planes •SO 

(^A thin band similar to the Skerry. 

Prof. Judd notes also that near Ashley^ on the road to 
Wilbarston^ the Bock-bed of the Marlstone is clearly exposed, and 
is seen to consist of several beds of stone, sometimes of a 
decidedly calcareous character, and containing peculiar flattened 
nodules, t He states that at the foot of the Hill on which the 
Neyille^HoIt ironworks were opened, in a cutting made for the 
railway-incline, the basement-beds of the Upper Lias were 
underlaid by the Middle Lias series, as folio ws§ : — 

* Geol. RatlaDd, p. 75. 

I Kep. Leicester Lit and Phil. Sec. for 1888-84, p. 87. 

I Geol. Batland, p. 75. 

§ Ibid,, pp. 73-77. 
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Middle lias. < 



Lower Liaa. < 



Irregular beds of micaceous and ferruginous sandy 
rock, full of casts of shells. These form two or 
three beds of stone, in places more or less calcareous. 
They do not, however, present the charact^istic 
features of the Rock-bed, but are always of a 
more or less nodular character. They contain 
Belemnites, usually grouped together in con- 
siderable numbers in certain parts of the rock, 
and also a few rounded pebbles or concretions like 
those of the Rock-bed. The species of fossila 
found in these bands were as follows : — 

Pecten lunularis (large, 5 inches in diameter), 

Avicula novemcosta). 

Cardium truncatum. 

Leda complanata. 
Light-coloived clays containing bands of ironstone- 
nodules (of considerable thickness). 
[The lowest beds seen at this point are exposed in the 
I brickyard below, and consist of blue, micaceous 
clay, containing flattened nodules of clay-ironstone 
with a few fossils : — 

Belemnites (fragments). 

Ammonites capricomus. 

Leda complanata. 

Cardium truncatum. 

Ostrea. 
L Wood. 

On the south side of Slawston Hill the Marlstone is scarcely 
' traceable. The Middle Lias here may be from 60 to 70 feet in 
thickness. At the north-west end of Slawston outlier, the Rock- 
bed of the Marlstone presents its usual characters, and consists of a 
hard calcareous rock containing Avicula iiovemcottcB, Rhynchanella 
tetrahedraj and Terehratula punctata. Large masses of car* 
bonate of lime, crystallized in the forms known as ** Dog-tooth 
spar " and '^ Nail-head Spar/' are seen in the rock at this place. 

Below the Marlstone there Were exposed in the railway-cutting, 
about 50 feet of blue shales with bands of ferruginous rock, and 
in the upper portion of the shales Ammonites margaritatus has 
been found.* 

Near the bridle-road loading from Keythorpe to Hallaton, and 
at the point where it crosses the brook, some old pits exhibited the 
following section, described by Prof. Judd: — 

r Laminated shales with traces of the " fish 

\ and insect beds " at the top • - 5 to 6 feet. 

Rock-bed with usual characters, oontuning 

numerous Belemnites, Ammonites anwu^ 

latus, Terebratula punctata, &c. As is 

often the case with this rock, it here 

Middle Lias. ^ contains numerous rounded pebbles or 

I concretions - - - • 1 ft. seen. 

I Light-blue clays passiL'g down into clays 
I with bands and nodules of ferruginous 
[_ and micaceous rock. 

The irregular mode of recurrence of the diminutive repre- 
sentative of the Marlstone Kock-bed, is illustrated in the following 
sketch of a section seen at this point (Fig. 69). 

* J. Marriott, Rep. Leicester Lit. and Fliil. See. for 18S3-84y p. 80. 
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Section between Seythorpe and HaRatoH, Leieesfyrahire, 
(Prof. J. W. JuDix) 




Middle Li« { J ^JJ^ Rock-bed. 

Along their outcrop Irom Deepdale to beyoDd Cranhoe, the 
lower bede of the Middle Li&s series are almost wholly unknown, 
owing to the prevalence of Drift. A brickyard at Belton exposed 
the cUjB with Ammonites margaritatut, &o. 

At Godebf (an Prof. Judd remarks) the Marlstooe Bock-bed 
can be seen in some ditches on the spurs above the villaee. The 
remarkable manner in which the stratum is here reduced to only 
a foot or two in thickness, while it has at the same time almost 
wholly lost its caleareoas character and its hardness, is very 
striking ; especially when we remember that the locality is only 
about four miles distant from that of Kobin-a-Tiptoes, iniere the 
rock attains its maximum dimensions. But insignificant as the 
rock has become, it has still been able to resist denuding forces to 
a much greater extent than the clays above and below i^ 
and consequently forms a well marked and very conspicnoue 
escarpment.* 

■ Gcol. BMIutd,i>.7s. 
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A trial-boring at Uppingham (1876) commenced near the top 
of the Upper Lias^ was carried to a depth of 400 feet, mainly in 
daj^ with only thin etone-beds here and there^ but the record 
fiimiehes no due whereby to distinguish the junction with the 
Middle Lias. 

The Middle Lias has been well exposed in quarries to the west 
of Robin-a-Tiptoes, and again in the railway-cutting near Tilton 
station. In this district Prof. Judd noticed on top of the Marl- 
stone, a bed two feet thick, of ** Laminated, ferruginous, sandy 
and marly clay, forming a gradation from the Upper Lias Clay to 
the Middle Lias Rock-bed.*'* This is the " Transition Bed " 
previously described, and it has been carefully examined by 
Messrs. E. Wilson and W. D. Crick in the Tilton railway- 
cutting.t There it consists of flaggy limestone with its charac- 
teristic Ammonites aeutus, but is scarcely separable from the 
Marlstone. 

The section which I noted in the railway-cutting is as follows :— 

Soil and Drift sand. Ft. In. 

Upper Lias - Blue day and sbaleA. 
Transition Bed. 

'Greenish and brownish marlstone, alter- 
nating in places with seams of crinoidal 
rock and presenting appearances of false- 
bedding • • . - about 16 
Mioaoeoos sandstone and sandy shales, 

about 20 
^Blue clays. 

Messrs. Wilson and Crick have published a list of fossils from 
the Marlstone of Tilton, including the Transition Bed, and this 
includes the following species of Ammonites : — A aeutus, A. 
annulatuSf A communis^ A. margaritatus, A. ovatus. A, serpen- 
tinus^ and A. spinatus. This shows the intimate connexion between 
Middle and Upper Lias, and corresponds with the evidence 
obtained at vanous points throughout the country from the 
Dorsetshire coast. 

A large number of Gasteropods were obtained from the 
Transition Bed. The Middle Lias sandy shales have yielded Am. 
margaritatus^ Cardium truncatum, &c. I obtained Ammonites 
aeutus and A. communis from the upper part of the Marlstone, 
and these species are also recorded by Messrs. Wilson and Crick 
from beneath the Transition Bed. Belemnites paxillosus, B. 
elongatuSf Peeten (Bquivalms, P. dentatus, and P. lunularis occur 
also. Rhynchonella tetrahedra and Terehratula punctata are most 
abundant in the lower beds, where they occur in clusters. 

The lower beds of the Marlstone are less massive than the 
upper, and at the base there are three, more or less nodular, bands, 
of greenish sandy rock weathering brown, the ferruginous staining 
resembling the '* box-structure '' of the Northampton Ironstone. 

The beds are much more oxidized where they outcrop further 
north ; and to the west of the railway there, are old ironstone- 



* Qeol. Butland, p. 68. 
t QmI. Mag. 1S89, p. 296. 
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workfu The digging of the ore has however been abandoned 
daring the last three or four years (1889). Probably the orinoidal 
beds contribute to the poorness of the ore^ although in places they 
have beoome decalcified* No doubt the best ore occurs where the 
beds come to the surface^ and probably they could not be worked 
to advantage beneath any great thickness of clay. 

Prof. Judd gives the total thickness of the Rock-bed as 
18 ft. 6 in., a little in excess of my measurement at Tilton^ but 
coinciding with that of Messrs. Wilson and Crick. 

At the east end of the village of Billesdon^ two brickyards, 

one on either side of the old coach-road from (Jppingham 

to Leicester, furnished a valuable section of the strata about 

10 feet below the Rock-bed ; and this is described as follows by 

Prof. Judd : — 

fRock-bed. 

J Lip^ht-blue clays with bands of sandy 
Middle Lias -< ironstone (few fossils) • • about 30 feet. 

J Dark-blue clay with aeptaria (numerous 
[_ fossilb) - • - -15 feet seen. 

The upper part of the series appears to be very d&^titute of 
fossils, with the exception of a few fragments of Belemnites. 
Towards its base, however, th.e clay yields large flat septaria, some 
of which decompose by exposure to the air, and assume a reddish 
brown colour, mpidlv- failing to pieces. These septaria yield 
numerous organic remains. The blue clays at the base are some- 
times very micaceous, and the septaria contain in their fissures 
Specular iron. Zinc-blende and Pyrites. The following fossils 
were obtained by Prof. Judd : — 



Ammonites marffaritatus (abundant). 
Belemnites paziuosus. 



Pecten ssquivalvis. 
Modiola scalprum. 
Goniomja. 



Plicatula spmoea 
Lima pectinoides, 

A brickyard at Rocart, south-west of Whissendine, noted by 
Prof. Judd, showed a good section of blue micaceous clays, 
yielding a &una similar to that above mentioned. Cardium 
truncatum was especially abundant in the septaria.* 

At a brickyard between Somerby and Ouston, Prof. Judd 
noted the following section : — f 

rSoiL 

Light-coloured day only partially ex- 
posed. 

Band of ironstone - - - 6 inches. 

Blue, highly-micaceous, and pyritous 
< clay - . . -* •3to4 feet. 

Blue, sandy, calcareous and highlv- 
I micaceous rock, crowded, in places, 
j with fossils - - - - 2 feet. 

I Clay with bands of septaria - - 21 feet to 

L bottom of the pit. 

* Geol. Ratland, pp. 69, 70. 
I Judd, Ihid^ p. 67. 
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Lower beds were exposed in brickyards at Great Gbnerby, 
where beneath the floor of septaria, grey shales with bands of 
ferruginous septaria, and a layer with phosphatic nodules, rested 
on dark blue shaly clay with scattered nodules of cement-stone 
and septaria; these beds (beneath the floor of septaria) being 
upwards of 50 feet thick. The dark blue shaly clay has yielded 
the following fossils* :— 



Ammonites Engelhardti. 
— margaritatus. 

nitescens. 

spinatuB. 

Nautilus. 
Belemnites. 
Amberleya. 
Trochus Acis P 



Palaaoniso (Trochus) monoplicus. 
Pecten eeouivalvis. 
— lunularis P 
Goniomya hybrida. 
Gresslya Seebachi. 
Leda graphica. 
Pleuromya costata. 
Unicaidium cardioidea. 



The outcrop of the band with phosphatic nodules, has been 
represented on the Geological Survey map, at the places where it 
has been seen^ from Gonerby northward to Lincoln, as it was the 
only horizon that could be traced. Tlie days below pass down 
into similar clays with A. cnpricornus, and in the absence of 
sections the boundary of Lower and Middle Lias is naturally 
doubtful. 

Ironstone is again worked at Caythorpe, between Grantham 
and Lincoln, where the following section of the beds was noted 
by Mr. W. H. Daltonf :— 



Ft. In. 



. 4 





. 2 





. 3 





. 


9 


.10 





. 


6 


20 


3 



Soil and rubble 
rinferior ironstone 
"RTddl Um I ^*^d ironstone 
/m IbLjmIi 1 Li™®*tone-band, slightly silieious 
^Mariscone;. Good ironstone 

^Sandstone impregnated with iron-ore 



A boring made at this locality, after passing through the iron- 
stone, was carried to a depth of nearly 300 feet for the most part 
in blue clay (Middle and Lower Lias). 

Further north the Marlstone degenerates and in places we 
altogether lose the Bock-bed. In Mr. Ussher's opinion the absence 
of the Marlstone between Welboum and Lincoln is due to a 
horizontal passage into or replacement by clay, the one kind of 
sediment dovetailing into the other. Hard, more or less concre- 
tionary and ferruginous beds represent the last appearance of the 
Marlstone in this area, and they are evidently much like the thin 
beds noticed near Market Harborough. 

Near Wellingore there is a nodular bed wiih phosphatic 
concretions, and this together with layers of hard grey limestone 
with pyrites, and overlying shales (altogether 12 to 15 feet thick) 
represent the Marlstone, and have yielded the following fossils]: : — 

• Jukes- Browne, Geol. 8. W. lincoloshire, p. 86. 
t Oeol. S.W. Lincolnshire, p. 40. 
X Ibid,, pp. 87, 40-48. 
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Ammonites communis Pecten. 

Belemnites. Rhynchonella fodinalis. 

Cardimn truncatum. tetrahedn. 

Hinnites. Waldheimia Waterhousei. 

Lima punctata. Terebratula panotata. 

Mr. W. H. Holloway remarked that this nodular band showed 
oolitic structure in places, and he compared it with the nodular 
bed seen elsewhere at the base of the Marlstone. This suggestion 
is important for we find a nodular bed extending onwards towards 
Lincoln at about the same horizon. It seems probable that the 
nodule-bed at Gonerby may be on the same general horizon. 
(See list of fossils from clay beneath, p. 240.) 

Proceeding towards Lincoln we find the Middle Lias repre- 
sented by clays, with occasional indurated bands of micaceous 
limestone and cement-stone nodules. In the railway-cutting 
west of Coleby the following fossils were obtained by Mr. 
Rhodes* : — 



Cardium truncatum. 
Goniomya hybrida. 
— ^ V, scripta. 



Pecten lunularis. 



Ammonites margaritatus 

Belenmites . 

Amberleya (Eucyclus) imbricata. 

Turbo cyclostoma. 

Cardita multicostata. 

Qasteropods were numerous. 

The old brickyard west of Waddington showed about 15 ft* 
of micaceous shaly clay with cement-stones, and here A. mar- 
paritatvs and Pecten (Bqnirahns were obtained by Mr. Ussher and 
myself. 

The brickyard south-east of Bracebridge showed the following 
section, in 1885 :~ 

Bluish-grey and mottled clay with band of 

ferruginous cement-stones 
Nodule-bed, consisting of clay and ferrugi- 
nous cement-stones, with phosphatic con- 
cretions - - - . 
Middle Lias i Shale with two bands of ferruginous cement- 
stone - . . - . 
Grey micaceous shaly clay with scattered 
cement-stones, and small nodules of pale 
earthy limestone near top : A. margaritatus 

about 25 
Lower Lias / Dark blue marl with nodules : A, capricamus, 

\ A. striatus, &c. - - - about 

As before mentioned, Ammonites capricomus and less frequently 
A. striatus, occur in the clays and nodules for about 10 feet 
upward from the floor of the pit During a previous visit, Mr. 
Khodes obtained, from another part of the pit, and about 3 feet 
from the base, a specimen of Ammonites margaritatus: but as 
remarked by Mr. Ussher, the clays which yield A. capricornus 
abundantly, are probably below the site at which the former 
species was obtained. Owing to the easterly dip of the beda and 
the irregular working of the clays, the Election varies from time to 
time. 

* Greol. Linooln, pp. 25, 26, &c. 
E 70859. rk 
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Excepting in Yorkshire and (I may add) in Raasay, we have 
elsewhere no repord of the occurrence of A. capricomus and 
A. margarUatus in the same stratum, but inasmuch as there is 
no recognizable plane of demarcation between the scones of these 
.Ajoamonites, indicating any cessation in the continuity of deposit, 
it would not be very surprising to find the two species togeth^, 
for the associated fossils indicate a blending of the zones. Indeed, 
in the list given by Mn Ussli^r from the days beneath the nodule 
bed, it has not been practicable to separate the spedes from the 
two zonei. 

From the nodule-bed the following species were obtained* : — 



X Ammonites maii((aritaiu8. 



X Gresslya donmcifonnis. 



X Pleiuromya eottata. 

Plicatula spinosa. 
X Unicardium cardioidei. 
X Waldheimia perforata. 



Belemnites volipims. 
X Amberleja imbricata. 
Turbo. 

Avicola cyyiniipes. 
Ceromya petncosa (liassica). 
The species tons marked X were obtained also from the daja below. 

The higher beds of the Middle Lias, that have been exposed 
at Kirk and Parry's pit to the north-east of Bracebridge, 
consist of shales with ferruginous septaria ; and about 6 feet above 
the *' Nodule-bed " there was to be seen a band, described by Mr. 
^Ussher. as '< FerrusinQUs rubble, suggesting a thin weathered 
^representative of the Marlstone Rock-bed." This suggestion 
may account for jthe non-appearance of the rock^bed in places, as 
near Yeovil, where this thin layer is often so decomposed as to 
make no feature at the surface. 

Among the fossils from this pit, above and below the (fodule- 
bed, may be noted Ammonites nitescens, Lcda graphica^ L, 
imhricata, Avicula eygnipeSy A, iwBquivalviSj Area Stricklandi, 
Cardium trunccUum, Hippopodinm^ Inoeeramus, Ostrea irregularis^ 
and Pecten bihularis, as well as some of the species noted from 
the nodule-bed at Bracebridge. 

The Nodule^bed has been traced by the race-course, north-west 
of Lincoln, where it consists of ironstone witli phosphatic pebbles. 
Of the lower beds, we rarely find exposures along the foot of the 
escarpment, north of Lincoln, but a few fossils have been obtained 
from a brickyard south-west of Hemswell. 

Between Willonghton and Willoughton Grange, traces of an 
ironstone-bed were observed by Mr. Ussher, and these he takes 
to be indications of the P^cten^beA, which is an important horizon 
further north. 

The Marlstone Rock-bed sets in north of Bturton-by-Lincoln, 
and its narrow outcrop forms a foundation for a number of vil- 
lages. There are however few exposures, and these furnish 
evidence of but 3 or 4 feet of hard ferruginous sandy limestone, 
sometimes crowded with fossils. Ammonites communis, Belemnites 
breviformis^ Cardinia creusiuseula, Pecten (Bquivahis, P. btnnlaris, 
Waldheimia perforata, Terehratula punctata, and other fossils 
have been obtained at South Carlton, Ingham, and Fillingham. 



* Ged. Lfneolir,* p. 2S. 
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In the northern part of Lincolnshire the snecession of beds, 
grouped as Middle Lias by Mr. Ussher, is as follows : — * 

Rook Bed. 

Clay, with lines of nodules and septaria - - .6 feet. 

Peeten-bed ironstone. 

The fauna of the P^c^n-bed, and of part at any rate of tbe 
overlying clay, is rather that of the higher portions of the Lower 
Lias elsewhere, than that of the beds with Jjnmoniieg margaritatus 
exposed south of Lincoln. At present no specimens of Ammonites 
margaritatus have been found m the clay below the Rock Bed, 
while A. capricornits has been found in nodules that occur within 
a few feet of it. Hence on palsBontological grounds there is a 
remarkable attenuation of the zone of A. margaritatus. 

The Bock-bed is a grey and brown ferruginous limestone or 
ironstone, 7 to 10 feet thick. From the abundance of 
Rhynchonella tetrahedra it was named the RhgnchojiellaAjed by the 
Rey. J. £. Cross. It has been traced through Grayingham and 
Kirton Lindsey, and has been quarried m places between 
Kirton and Manton. The rock is here and there nodular, but 
nowhere rich enough in iron to be of value for smelting. Some 
fossils were obtained by Mr. Cross in the railway-cutting south of 
Santon Warren : these include Ammonites spinatus, A. communis^ 
Belemnites paxillosus, Terebratula punctata^ &ct 

Northwards the Bock^bed has not been well exposed, except at 
Winteringham, where it was observed by Mr. C. Fox>Sirangwayi*. 
Beyond this village it disappears beneath the Alluvium of the 
Humber. 

Shropshire. 

The occurrence of Middle Lias, at Prees in Shropshire, was 
made known by Murchison in 1834. He remarked that .the 
Marlstone was to be seen ^'in quarries and by tbo sidea of the 
roads, dipping to the north-north-east at low angles;'' and he 
recorded a number of fossils which clearly established the age of 
the strata, t 

During my examination of the district I was much indebted to 
Mr. Henry Ikin of Prees, who pointed out the spots where 
exposures of the beds were to be seen ; and who had collected a 
series of fossils which he submitted to Messrs. Sharman and 
Newton for identificatiofn. 

It will be seen that not only the Lower Lias, wherever evidence 
was to be obtained, but also the Middle Lias, presents the same 
general characters as are met with along the main outcrop of the 
strata in the midland counties. 

The fossiliferous beds of sandy Marlstone have been opened up 
in graves in the churchyard at Prees, and from these beds Mr. Ikin 
has obtained many of the fossils mentioned. Here the thickness 
of the stone-beds is from 8 to 10 feet, including at the base, 

* Geol. Lincoln, pp. 81, 32. 

I Quart. Joarn. Geol. Soc, vol. XTxi. p. 124. 

X Proc. Geol. Soc. toI. ii., p. 115 ; and Silurian System, p. 23. 

Q 2 
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mom sandy layers. Still lower beds are exjwsed in the road- 
ciitting west of Preea churchy and in old pita and clipped ground 
to the Hotith. These coinpriHC fissile, sandy, and micaceous beds, in 
places interbedded with micaceous loam, and passing down into 
more argillaceous strata (with nodule^ of earthy limestone) that 
throw out springs. These beds have been exposed to a depth of 
20 feet. Theycontain Belemnites and Ammonites margaritatu$^ 
the latter poorly preserved. 

At one spot on the hill south of Preea church, there was 
formerly a brickyard. The surface-beds were of a clayey 
nature, but there was no fossil evidence to prove their age, for 
being on slightly higher ground than the iossiliferous beds at 
Frees church, it is possible there may be traces of Upper 
Lias. 'Vhe section showed 10 Feet of fissile, slightly calcareous 
and micaceous loamy beds, with Belemnites^ Pentacrinus, and 
small hard nodules ; and the strata passed downwards into clay. 

The following fossils from the Middle Lias of Frees, for the 
most part in the collection of Mr. Henry Ikin, were (with three 
exceptions) identified by Messrs. Sharman and Newton : — 



HyhoduB. 
^Ammonites Engelhardti. 

tt marj(aritatu8. 

t spinatus. 

Belemnites elongatus ? 

vulgaris P 

(-erithium. 

Chemnitxia. 

PitonnilluR conicus. 

Pleurotomaria helicinoides. 

Turbo aciculus. 

l>entaliuTn. 

Area. 

Astarte. 
f Avicula novemcoftta\ 

C'ardium truncatinn ? 
tCxryphaaa oymbiuin. 
t giK»ntea. 

Hinnites velatus. 

Leda. 

Lima pectinoides. 



Macrodon intermedius. 
*Modiola scalprum. 

Ostrea. 
fPecten asquivalvis. 

dentatus P 

lunularis P 

*Pholadoinya ambigua^ 
J Simpsoni. 

Pleuromya costata. 

Plicatula spinosa. 

Unicardium cardioides ? 
f Rhynchonella acuta. 
■ ■ rimosa. 

. variabilis P 

Terebratula punctata. 

Waldheimia quadrifida. 

resupinata P 

JAnnelide tube. 

Pentacrinus gracilis. 

Eryon. 



♦ Identifit^d bv the Rev. T. W. Xorwood. 
I Recorded also bv Morohison. 
I Obtained by H.'B. Woodward. 
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CHAPTER IX. 

UPPER LIAS. 
General Description. 

This formation consists for the most part of bluish-grey clay 
and shale, with nodules of argillaceous limestone (cement*s tones 
and septaria), and occasionally a good deal of selenite. The Base* 
ment Beds consist of pale earthy limestones and marls or clays, 
the bands of stone occurring sometimes in regular courses, but 
being often of an interrupted and nodular character ; while the 
nodules enclose remains of Fishes and other organic remains. 

These lower beds are usually opened up in quarries where the 
Marlstone is worked, and the junction is well-marked throughout 
the district, from the Dorset coast, where the Marlstone and Upper 
Lias stone are represented in a band about 2 feet thick, through 
the Midland counties to Lincolnshire. Stratigrnphically this is 
one of the most definite boundaries in the series of Juni^sic rocJrs, 
for lithologically, palieontologically, and in the sequence of strata 
there is rarely any difficulty in fixing the junction. The pale 
earthy limestones of these Basement-beds, resembling, as they 
often do in texture, beds of While Lias or of Great Oolite lime- 
stone, appear in marked contrast with the brown iron-shot or ferru- 
ginous Marlstone. In a few localities, however, where the Marl- 
stone is thin, or has become much decomposed near the .surface, 
the boundary across country cannot be traced without considerable 
difficulty. 

Nevertheless there is no paleaontological break between these 
formations. In Northamptonshire there is a thin layer known as 
the *^ Transition Bed,'' which by its fossils, links, the formations 
together ; and generally throughout the country, we find common 
to both Marlstone and Upper Lias, such forms as Ammonites 
annulatuny A, communis, A, crassus, A. Holandrei, A. serpentinusj 
&c.* There is no authentic record, however, of the occurrence 
of A. spinatus above the horizon of the Marlstone or Transition 
Bed. 

The thickness of the Upper Lias varies considerably in diiFerent 
parts of the country, and especially when we take into account 
the sandy and clayey beds that belong to the zone of Ammonites 
Jurensis. Excluding, for the sake of convenience, the sandy beds, 
and taking only the mass of clays, together with the Basement 
Beds, we &id the thickness of the Upper Lias in Dorsetshire io be 
about 70 feet, in Gloucestershire 100 to 200 feel, in Oxfordshire 
30 to 100 feet, in Northamptonshire 150 to 160 feet, in Rutland- 



* Day, Quart. Jouni. Geol. Soc, vol. xix. p. 29.'i ; Judd, Gcol. Rntland, p. 40 
K. WilHOD and W. J), Crick, Geol. Majr., 1889, p. :{41. 
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shire 176 feet, in South Lincolnshire 200 feet^ near Lincoln itself 
100 feet, and further north in that county the thickness diminishes 
to 70, and probably to as little as 25 feet. 

The clays that constitute the mass of the formation, shade up 
irregularly and gradually into the Sands at the base of the 
Inferior Oolite, from Dorsetshire to the Cotteswold Hills, so that 
here we have no definite stratigraphical division ; but further 
north in Oxfordshire, Northamptonshire, and Lincolnshire, there 
is usually a marked divisional plane between the Upper Lias clay 
and overlying beds (Northampton Sands), accompanied here and 
there by the evidences of local erosion. 

The Upper Lias has been subdivided into several zones, but 
somewhat differently by various geologists,* and this is not to be 
wondered at considering that the so-called zonal species, Ammo^ 
nites annnlatusy A, serpentinus (or falctfer\ A. communis, and A, 
hifronsy occur together in the Basement Bckjs of the division. As 
a matter of general convenience, and having regard to the preva* 
lence of certain species at particular horizons and to the associated 
fossils, the zones have been arranged in descending order as 
follows : — 

Zones. 

» 

{Sands and clays (Midford "| j^^^^.v— ;«.«.^m« 
Sands in psrt, and North- \ ^^^namteM jurenm 
ampton Sands in part\ J ^ ^^^' ''^' 

{Limestones, clays, and paper- *] Amniomtes serpenHmu 
shales (Fislf and Insect 
Limestones, Leptiena Beds, 
and Transition Bed). 



(Fig. 70) (or A. fax. 
^ cifer) and A% aimtc- 
latus. 



The '' Transition Bed/' which is a fossiliferoos layer a few 
inches thick, connecting the Middle and Upper Lias, has been for 
conveni^ice described with the Middle Lias. 

Itimay be mentioned that Ammonites btfrons can no longer be 
regarded as a zonal species, as it has far too wide a range, occur- 
ing throughout the Upper Lias. Dumortier indeed has treated 
the whole of the Upper Lias (below the zone of A. opalims), as the 
zone of A, bifrons. 

ObjeotioDS might locally be urged against other zonal 8peoies> 
such as A. striatulus,f which occurs in the Basement Bed^ of the 
Upper Lias in Dorsetshire, while it has been recorded from the 
Fish and Insect Limestone of Byfield (on the authority of Dr. 
Wright). From the beds on the same horizon at Navenby in Lin- 
coln^ire, the species has been recorded (with a query) by Messrs, 
Sharman and Newton. :( 

♦ Wright, Lias Ammoniteft, pp. 67, 116, 163 ; Jiidd, Gcol. Kutiand, p. 89 ; S. S. 
Buckoiau, liif. Ool. Ammonites, p. 114, and Quart. Jdnm. Geol. So«., toU x\w. 
p. 440 ; B. Ttiompson, Hep. Brit. Asaoe. for 1S91, p. da4. 

t This IB probably the form reoogniied as A, radians by Day, Quart. Joum. 
Geol. Soc., vol. xix. p. 295. See also JTudd, Geol. Rutland, pp. 88, &c. ; F. Smithe 
and W. C. Lacy, Proc. CotteswtHd Club, vol. x. p. 906. 

X Ussher, Geol. Lincoln, p. 180. 
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Locally the zones have been further subdivided, and %hdue 
minor zones or sub-zones will be mentioned in due course* 

The fossils of the Upper Lias include species of Ickthyosaurus, 
PelagosauruSj and Steneoiaurus ; but Saurian remains are by no 
means so abundant in the area under consideration as they are in 
Yorkshire. More important are the remains of the Fishes, 
especially Leptolepis and Pachycormus. Otolites have alao been 
obtained. 

Of MoUusca, Ammonites and Belentnites are plentiful through- 
out the formation, and species of Nautilus are not uncommon. 
The Gasteropoda include AmberUya {^Eucyclus\ Ceritiiium, 
Euomphalus (1f), Pleurotomaria, Trochus, Turbo, and TurritellcL, 
Dentalium is also found Among the Lamellibranchs we find 
Astarte, CuctdUea^ Gressb/a, Inoceramus, Leda, Lima, Manotis, 
Nucula, Ostrea^ Pecten, Pleuromya, PosidoTiomya, Thracia, and 
Trigonia, 

Brachiopoda are far less abundant than in the Middle Lias : 
the species include Dtscina, Lepttsna, Lingula, Rhynchonella, 
Waldheimia and Thecidium. Polyzoa are exceedingly rare. 

The Crustacea include Eryon, Palinurina, Penmus, and some 
Ostraoods. The Insects can only be mentioned, as the names 
require revision, but they include the Dragon-fly, Libellula. Of 
Annelides, Ditrupa and Serpula are fairly abundant. Echino- 
derms, v/ith the exception of Pentacrinus are rare, but they 
include Acrosalenia, Cidaris, and Hemipedina. Corals also are 
rare, but Thecocyathus and Trochocyathus have been recorded. 
A number of Foraminifera have been obtainedf Lignite is found, 
but no plant-remains of recognizable species have been recorded. 

In Yorkshire the lowest zone of the Upper Lias is known 
generally as that of Ammonites annulatus ; but it was grouped 
with the Middle Lias by Messrs. Tate and Blake, on account of 
its yielding more Middle Lias than Upper Lias species ; and 
among these they record A. margaritatus. As suggested by Mr. 
Walford (see p. 228) the Transition Bed of the country around 
Banbury, &c. may in point of age be equivalent to this zone, for 
it yields some of the same Gasteropods and other fossils4 Mr B. 
Thompson would also include in the same zone portions of the 
LeptfEiia-heA^ described by Charles Moore. In this southern 
part of England there was evidently a paucity of sediment as 
compared with the Yorkshire deposits, at the junction of Middle 
and Upper Lias. 

At the bottom of the Upper Lias in the area from Somerset* 
shire to Lincolnshire, there occur at intervals certain shales and 
limestones known as the Fish and Insect Beds. Attention was 
first called to these beds in Gloucestershire by the Rev. P. B. 
Brodie, and they were subsequently recognized in Somersetshire 



* Yorktfbire Lias, p. 171. 

t See W. D. Crick and C. D. Sherborn, Journ. KorthamptoDsh. Kat. Hist Soc, 
vol. vii. p. 67. 
X Fox-Strangwajs, Jurassic Rocks of Yorkshire, vol. i., p. 126. 
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by Charles Moore. In places the shales are finely laminated, ami 
known ae Paper-shales ; but the beds from a fossiliferous point 
of view, as Fish and Insect Limestones, are not everywhere to be 
identified. As in the case of the Insect Limestones at the base 
of the Lower Lias, the distinctive fossils are preserved locally, 
and the fact that in places they cannot be recognized is no proof 
of the absence of equivalent strata. They are indeed intimately 
associated with the beds grouped as the zone of Ammonites 
serpentinusy not only in the area under consideration, but also in 
Yorkshire, for in that county we find remains of Fishes preserved 
in greatest abundance and variety at the same horizon. Hence for 
all practical purposes the thin representatives of the zone of 
Ammonites annulatusy together with the Fish and Insect Lime- 
stones and other beds belonging to the zone of Ammonites serpeyitinus, 
may be treated ns one division forming the Basement Beds of the 
Upper Lias. (See also p. 246.) At the sauie time it must be 
borne in mind that the occurrence of limestone-bands is subject to 
variation, and that the Basement Beds shade upwards into the 
overlying clays grouped as the zone of A. communis. 

Taking the Basement Beds as a whole, they are very fossili- 
ferous, constituting Cephalopoda Beds as well as Fish and Insect 
Limestones. The following are the more abundant fossils* : — 

* For fossils of the Transition Bed, see p. 2S9. 



Vig. TO. 



UerBR hiAn Cephalopoda. 

Fig. 71. 




Fig. 73. 





Fig. 72. 




Fig. 75. 



TO. AmmORitetmrptaliMiu, Ueia. }. | Via. ''i. Ammni' 

71. 1, eumHra|Ha, Y. and B. I i, 74. „ 

72. „ /r6iiUiu. Sow. |.* I „ 75. 




>, Sow. J. 
bijraru. Brug. J. 
•.trgani, Y. and B. ^. 
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Zones of Ammonites annulatusy and A. serpentinus (including the 
Fish and Insect Limestones and Leptsena Beds). 

Lepidotus gigas, 
Leptolepia concentricus. 

constrictus. 

Pachycormus ourtus. 

macropterus. 

Tetragonolepis discue. 
Ammonites annulatus. 
btfrons (Fig. 74). 

cflBcilia. 

communis (Fig. 73). 

cornucopia (Fig. 71). 

cra08U8 (raqutnianus). 

elegaoB (Fig. 76). 

— : — exaratus. 

-^ — - fidoifer. 

heterophyllus (Fig, 76). 



- Holandrei. 



Levisoni. 

lythensis. 

serpentinus (Fig, 70). 

subplanatus. 

Nautilus astaooides. 
BelemniteR quadricanaliculatus. 
subtenuis. 

tripartitUB 

tubularis (Fig. 78). 

vulgaris. 

Amberleya capitanea (Fi;^. 81). 
Euomphalus (i) 'minutus (Natica pilula). 
Dentalium liassicum. 
Inoceramus dubius (Fig. 80). 
Lima eucharis. 
Nucula Hammeri. 
Pecten pumilus. 
Posidonomya Bronni (Fig. 82). 
Koninckella (Leptasiia) Bouchardi. 

liasiana. 

LeptsBua Moorei. 
Rhynchonella jurensis. 

Moorei. 

Wnldhdmia Lycetti. 
Serpula. 
Pentacrinus jurensis. 

AmmonUes annulatus. A, communis, A, crassus, A,JUmlatMSf and A, Holmudrei 
are species very closely connected. A, elegans. Sow, (often mittalDeQ for A. 
concavus) is regarded as the same as A. comflanatns, D'Orb.* and A. sub* 
planatns, Oppel, by Tate and Blake.* (See p. 229.) 



♦ Yorkshire Lias, p. 806 ; see also G. Barrow, Geology of North Clereland, §>. 85. 



«..!■ . ..: Upper Lias Fossils. , 




fiG. 76. AmMonUet itttrophyliui. Haw. ^ •■.iim.-- 

„ 77. „ jumuu, Ziel., Midford SucU. ^ 

,. 7K Brlrmnilei tubtilarit. Y. and B. i 

„ 79. „ VoUii, Phil. i. . 

„ 80. /noceroiiM ibAt'iu, Sow. (ii*t. iiiie). 

„ 81. An^trltga capilaiua, Goldf.. Upp«r loM and Inferior jC^itt 

,. R2. Potidoitemjia Brtmni, Volti (cat, nxe). ..... 

„ 83. £*iJa oimm, Bow. (nat. mm). 
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It should also be mentioned that the fonn usually identified as Ammonites 
serpentinus is considered by Mr. S. S. Buckman to he A. faldftr ; he would, 
therefore speak of the zone as that of Ammonites falctfer. In the majority of 
cases, however, these so-called species have not been distinguished; by many 
authorities they are reji^arded as synonymous, and in the following pages the 
name A. serpentinus will be used in a comprehensive sense, to include the 
varietal forms or *' mutations " sometimes separately indicated as A, fahi/er, 
and A. Strangwaysi, 

The zone of Ammonites commujiis is usually taken to include 
the mass of clays between the Basement Beds and the sands and 
clays of the zone of A.jurensis ; in this sense it is here adopted, 
altliough Prof. Judd and others have employed it as a general 
term for both Basement Beds and overlying clays.* Other 
divisions have been suggested, and to these references are made 
in the sequel. Locally the zone may, to some extent, be represented 
in the Basement Beds^ as in Dorset and parts of Somerset. 

On the whole these clays yield many fossils^ but locally some 
beds are comparatively unfossiliFerous^ the shells probably having 
been destroyed ; for selenite, in these instances usually abundant^ 
may be regarded as the product of their decomposition and of that 
of iron-pyrites. 

Ztone oi Ammonites communis, . 

Ammonites bifrons (Fig. 74). 

communis (Fig. 73). 

cornucopia (Fig. 71). 

crassus. 

elegans (Fig. 75). 

exaratus. 

fibulatus (Fig. 72). 

heterophyllus (Fig. 76). 

- Holandrei. 

Levisoni. 

lythensis. 

semicelatus. 

serpentinus (Fig. 70). 

Bubcarinatus. 

Belemniles apicicurvatut. 
— - eloDgatus. 

ilminsterensis. 

subtenuia 

VoUri (Fig. 79). 

vulgaris. 

Nautilus astacoides. 
Cerithium annatum. 
TrochuB duplicatus. 
Turritella Dunkeri. 
Dentalium liassicum. 
Astarte Htriato-sulcata. 
Avicida substriata. 
Cucullsda elegans. 



♦ Geol. Kntland, p. 89. 
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Gresslya donaeiformip. 
Inoceramus cinctus. 

dubius (Fig. 80). 

Leda ovum (Fig. 83). 
Nucula clayiformis. 

Hainmeri. 

Pecten pumilus. 
Pleuromya costata. 
Thracia glabra. 
Trigonia pulchella. 
Disoina refleza. 
Serpula tricristata. 
Pentacrinus jurensis 

The zone of Ammonites juremsisy together, with the overlying 
zone of A. apalinua, are in parts of the west of England associated 
for stratigraphical purposes, under the name of the Midford Sands. 
Such a division may be looked upon as forming a connecting link 
between the Lias and the Oolites, constituting as it does passage- 
beds from the one group to the other. Under such circumstances 
it matters little whether we treat the Midford Sands under the 
heading of Lias or Oolites, and as a matter of convenience we 
shall note the details with the newer formation, for they cannot 
well be treated separately, on account of their intimate stratigra- 
phical assodation. 

On general grounds it is thought desirable to draw the line 
between Lias and Oolites in the midst of this series of passage- 
beds, and most authorities a^ee in placing the zone of A. jurensis 
with the Upper Lias, and that of A. opalinus' with the Inferior 
Oolite. This divisional plane, such as it is, is here adopted on 
palseontological grounds, although it must be admitted that on 
8tratigraphical grounds the general division of Midford Sands 
is the most important one to represent on the Geological Survey 
Maps in the country from Dorsetshire to Qloucestersliire. Tliat 
zones transgress the limits of stratigraphical divisions is admitted; 
and the researches of Mr. S. S.Buckman (to which more attention 
will be drawn in our next volume) show that in Dorsetshire the 
zone of A, jurensis extends below the stratigraphical limits of the 
Midford (or Bridport) Sands. Moreover in the Midland counties 
the Northampton Sands, which include the zone oi Ammonites 
opalinus^ include also a portion, at any rate, of the zone of 
A. jurensis. 

Notwithstanding the separation of these strata into the zones of 
A.jtirensis and A. opalinus j there is no unanimity amongst geolo- 
gists on the precise palsDontologioal division between these zones, 
for other minor zones have been introduced, and the more atten- 
tively the beds are studied the less reason do we find for fixing 
any special plane of division, where the sequence is complete. 
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UPPER LEAS. 

•'1 

LooAX Details. 

Dorsetshire, .. ' 

III the cliff-section at Thomcombe Beacon^ and on iop of the 
adjoining Down cliff, we can trace about 70 fee^'bf Blire'hlicaceoue 
marly and sandy shale. The beds are inaccessible, btft^they are 
seen to merge upwards into the Midford Sands, which are shown 
to a thickness of about 100 feet at the Be^boh.' At the base of 
this mass of blue flh^le, is the this li^er of pale argillftceous lime- 
stone (Basement Bed of Upper Lias) welded to the idp of the 
Middle Lias, and before described os the Jimction*bed. These 
beds are also seen at AUington near Bridport. (See F^j 41, p. 52.) 

Owing to tiio thinness of the ro6k-beds at the junction of 
Middle and Upj^r Lias there are no quarries along this horizon 
by Netherbury and Burstock, between Bridport and Ilminster, 
and the Basement-beds of the Upper Lias ate not to be' seen. 

Moreover the shales of the Upper Lias are often Very sandy 
in eharaicter, and^mnch like the beds immediately under the Marl- 
stone Eock-bed ; we find no uniform mass of dark olAffeand shales, 
such as occur in GHoucestershire, and further north ; so that 
having only occasional sections in the deeplahes^ it is very difficult 
to mark, the boundaries of the formations, aiidovterthe greater 
part of the oountry between Bridport and Bath the Upper Lias 
was omitted from the Geological Survey Map. 

We have in fact a mass of clay or slrale, which merges upwards 
into the Midford Sands, and is not in this area separated by any 
prominent rock" bands fh>m the soft sandy and shaly beds of the 
Middle Lias. The presence of the formation is indicatiad by the 
clayey nature of the ground, and could no doubt be traced con* 
tinuously with the aid of the 6-incli maps, but in isolated sections 
it is not possible; in the absence of stratigraphical and ptdssontolo- 
gical evidence, to detemdine the age of the bed^. Thus the age of 
the laminated icdays and sands at Chalkway between Winsham 
and Cricket St. Thomas was not to be determined. (See p. 202.) 

Mr. S. S. Buckman has recently obtained from ti^e upper piart 
of the blue shale at the Down cliffs (about 12 feet or more from 
the top) several Ammonites, one species of which he was enabled 
to determine as Airadians^ a form found also in the ydtow sands 
above.* This fact ii^^rees with the stratigraphical evidence', of tiie 
intimate connekf oh iietween the clays and sands, and suggesbr that 
pojisibly ihi^ whole of the Upper Lias shale of Dorsetdiire mieiy 
belong to the eons of 4. jutensh. No fosnts are i^coi^d^ from 
the lower portions (the main mass) of the shales. It must be borne 
in mind that the range of individual species of Ammonites may be 

♦ Quart. Journ. Geol. Sot., vol. xlvi. p. 619 ; and H. B. W., Ibid^ p. 521. 
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locally restricted], biif Tt is not so generally defined in the Upper 
Lias, that the occurrence of two or three specimens would 
enable us to fix a chronological horizon ; nor are authorities suffi- 
ciently agreed on the definition of species to justify very dogmatic 
statements. Forms identified as A. radians, and which may be 
taken at any rate as closely allied, have been recorded from the 
lower beds of the Upper Lias of the Midland counties,* and A. 
aalensis is noted from the same beds in Yorkshire.! (See p. 199.) 
Mr. J. F. Walker, however, records A. toarcensis from one of the 
Basement Beds at Shipton Long Lane, Botheiihampton, and A. 
striatiilus (which I have also obtained) from the uppermost Base- 
ment-limestone at North Allington.:^ (See p. 200.) He takes these 
species as affording evidence of the zone of A, jurensis in portions 
of the Bapement Beds. Rhynchonella Bouchardi^ which occurs in , 
a lower layer at Shipton Long Lajw*,.is characteristic of the lowest 
portion of the Upper Lias. 

The general tendency of the evidence obtained here and at 
Ilminster, points to the conclusion that the zone of ^. communis 
is lees conspicuously developed than it is in the Midland counties 
and further north, and that it may locally be confined to the 
Basement-portion of the Upper Liae. 

Somersetshire, 

The Upper Lias in the neighbourhood of Ihninster and Yeovil 
has been studied in much detail by Charles Moore. The lower 
beds are usually exposed in the quarries where the Marlstone i? 
worked, but the higher and more clayey portion of the group is 
seldom exposed, though it may be traced beneath the sands at the 
base of the Inferior Oolite. 

Locally Moore found it convenient to make the following 
divisions : — § 

r Ammonite Beds or Upper Cephalopoda Beds. 
Upper Lias *\ Saurian and Fish Bed. 
I LepteeDa Ckys. 

These beds were exposed in a quarry at Strawberry Bank, on 
the north of Ilminster. 

The LeptfBna Clays lie in immediate contact with the Marlstone, 
and consist of about 18 inches of green, yellow, and brown 
laminated clays, yielding Lepttena (Koninekella) Bouchardi and 
i. Moorei at the base, and higher tip Thecidium ritsticum, Alaria 
unispinosa, Spiriferina ilminsterensis, and Zellania liassica, 
Foraminifera and Ostraeoda likewise occur, as well as Terehratula 
fflobulina, Rhynchonella pj/ffmcea^ Ammonites, and occasional remains 
of Fishes and Saurians. 

The Saurian and Fish Bed consists of nodular yellow earthy 
limestone^ usually blue hearted, and occurring in flat irregular 
elongated and letiticnlar masses, rarely more than five inches 

* Judd, Geol. Rutland, p. 79 ; Walford, Proc. Warwickshire Field Club, for 1878. 

t Tate and Blake, Yorkshire Lias, p. 303. 

X Rep. Brit. Assoc, for I89O9 p. 799. 

§ Proc. Somerset Arch, and Nat. Hist. Soc, toI. xiii. pp. 120, 132. 
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thick and .sometimes septarian. These enclose various orgaBisms, 
Saurians, Fishep, Cephalopoda, Insects, and Crustacea. Copro- 
lites are also fouud in the nodules. As remarked by Moore, 
tlie shape of the nodules conforms roughly to that of the 
enclosed organism, so that his experienced eye enabled him to 
predict with confidence the fossil that would be presented to 
view when particular nodules were split open. It, must, how- 
ever be stated that a large proportion of the nodules yield no 
organisms, and this fact has created much disappointment to those 
wlio have gone in search of the bed, and apparently failed in 
their efforts to jfind it. 

The Saurians are represented by Ichthyosaurus acutiroxtris and 
Pelagosaurus typus {temporalis). Of the Pelagosourus, very fine 
examples were obtained by Moore, one belonging to a diminutive 
' reptile only 13 inches long, and this has been named P, Moorei by 
E. Deslon«r champs (M.S., 1876). These and other specimens are 
placed in the Bath Museum. 

The Fishes include Pachycormus macropterusy P. curins, 
Lepidotus, Leptohpis concentricus, L, constrictus^ and species ot* 
• Ilybodus, &e.* 

The Cephalopoda (in addition to Ammonites) include Geofenthis 
and 7^eu(hpsis, and jis Moore remarks " the aofter parts of these 
cuttle fishes have perished, leaving only the internal cuttle bone, 
in the centre of which the ink-bag is usually found, still charged 
with its black pigment." Among other Mollusca, Moore nniords 
Inoceramus duhiusy Posidonomya Bronni^ &o. 

The Crustacea (determined by Dr. H. Woodward) include 
Eryon Moorei ^ Palinurinn pygmtBa^ Penceus latipesy Eryma elegans, 
HefrigOy and Glyphea. 

The Insects and some Plant-remains have yet to be determined. 
Moore obtained a specimen of fossil wood, bored by Lithodomi, 
and with a number of Cirripedes attached to it. 

These Leptiena Clays and Saurian and Fish Bed, cleiirly belon<r 
to the Basement Beds of the Upper Lias, representing (in part; 
the same beds at Churchdown and Dambleton in Gloucestershire. 
Mr. B. Thompson regards the Leptsena Beds (in part) as equivalent 
to the Pleurotomaria Bed on the Dorset coast, and the Transition 
lied of Northamptonshirct 

The " Upper Cephalopoda Beds " were taken by Moore to 
include all the other beds of the Upper Lias to the sands at the 
base of the Inferior Oolite ; but his description indicates other 
portions of the Basement Beds (zone of A, serpentinus) above the 
Saurian and Fish Beds, as well as the zone of A. communis. These 
comprise clays with bands of rubbly and earthy limestone having 
a thickness of 8 feet. The clays above, which are of variable 
thickness, and of considerable importance near Yeovil, were not 
clearly recognized by Moore ; but he records in his list of fossils 



* Mr. A. Smith Woodward has in preparation a Monograph on these Upper LiaK 
FiKhet*. 

t R*?p. Brit. Assoc, for 1H91, p 8i9. 
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from the ** Upper Cephalopoda Beds " certain Bi>ccie8 {e.g,, Ammonites 
radiansy A, variabilis, &c.), whose occurrence is suggestive 6f the 
passage-beds that link the Lias vrith the Inferior Oolite. 

The " Upper Cephalopoda Beds*^ also yield Belemnites, many 
Gasteropods (^Cerithiumf OnustuSy Pleurotomariay 8cc.) Inoceramus 
dubius, Leda ovum, &c., together with Brachiopods, Echinoderms, 
Corals, Foraminifera, &c. 

Afnmonites annulatusy A. bifroiis, A. commvnisy A. crassus, and 
A. serpentinus occur generally in the Basement Beds of the Upper 
Lias of Somerset 

The Upper Lias has been exposed in quarries at Down Lane 
(Earn Hill), east of Donyatt ; at Moolhao) and Tort wood Hill ; 
and by the lane leading to Ashwell, on the north of Ilminster. 
These sections usually show the flat nodules of yellowish earthy 
limestone belonging to the Saurian and Fish Bed, but as remarked 
by Moore they are occasionally absent. As a rule the quarries 
show, on top of the Marlstone, 5 or 6 feet of blue and brown 
marly clay with thin irregular interrupted and nodular bands of 
pale earthy limestone, in which the common Ammonites of the 
Basement Beds are usually abundant. 

The sections at Tortwood Hill show the following succession of 
beds: — 

Ft. In. 
r Rubbly limestone and clay - - .^ 

Pale grey compact limestones and marly | 
clay; Ammonites anntUaius, A, hifrons, S 3 9 
A. communis. A, Letnsom,A. serpentinus, I 
Belemnites - - - -J 

Lenticular masses of pale earthy limestone 
Avith yellowish coating (Fish Bed) ; A. ser* 
pentinus - ^ - - - - .3 

Clay with " race " and occasional band of 
earthy limestone - ft. 9 in. to 1 4, 

^Pale earthy and sandy limestone, much"| 

iron-stained ; with large Belemnites I ^ ^ 
(abundant) - - - - r ^* ^ 

Sandy marl - - - - -J 

Brown sandy and grey iron-shot limestones, 
much jointed and iron-stained ; Belemnites 
(abundant), Pec/en edqutvalvis, Grypluea 
gigantea, Terebratula, Rhynchoneila .70 

Ferruginous sandy clay - - - 6 

^ Limestones as above, seen to depth of - 3 

The thin layer of limestone and marl on top of the main mass 
of Marlstone may represent the Transition Bed of Northampton- 
shire. 

The Saurian and Fish Bed and the Leptcena-heds are noted by 
Moore in a section at Kingston, south-west of Ilminster^ ^< but 
the former is only represented by a few very flattened nodules^ in 
which no organisms have been found, some of the nodules not 
being larger than a crown-piece/' He adds that about half a 
mile north of the Kingston section, in the range in which the 
Strawberry Bank quarry is situated, there was a quarry in a 

K 70859. i> 
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large field south of the White Lackington road, where all the zones 
were observed.* 

Near the Sevingtons, at Boxtone Hill, Hurcot, toliireast of 
Atherstone, and at Stocklinch Ottersey, qtUMrries have been 
opened in Middle and Upper Lias. At Shepton Beauchamp the 
LepUena-hedB, Saurian and Fish B«riii, and Upper Cephalopoda 
beds liave been noticed bv Moore, and he has observed them 
also to the north-east of Veovil, in a quarry overlooking the 
village of Rimpton. 

A section pouth of Shepton Beauchamp church, showed nearly 
7 feet of the Upper Lias Basement Beds, but it did not differ 
materially from sections at Tort wood Hill. Moore recoinls two 
species of Trochtfci/athus from the Upper Lias at this locality. 

The Upper Lias is also shown at Stoke pit, east of Holy Tree, 
between West Stoke and South Petherton ; and at Norton, near 
Ham Hill (see j). 204). 

West of Yeovil, by Alvington, and Brj-^mpton, micaceous sandy 
shales are seen, and here the Upper Lias forms a broad tract at 
the foot of the escarpment formed by the Sands at the base of 
the Inferior Oolite ; while the Basement Beds extend towards the 
Middle Lias escarpment in a thin covering, that coincides roughly 
with the dip-slope (2° to 4^), over the country through Preston to 
Brimsmoor Tree. (See Fig. 66, p. 206.) 

The Stone-beds have been opened up east of Montacute station, 
where the following section was to be seen : — 

Ft. In. 

XT J' r Micaceous sandy cl«v - - - 5 

Middle Lias - Rock Bed. 

Here, and also between Lufton and Lower Odcombe, the lime- 
stones at the base of the Upper Lias are 3 feet 6 inches thick, and 
these beds are separated by little or no clay. Near Yeovil they 
become of sirfficient importance to have been quarried for building- 
purposes. 

These beds are seen above the Marlstone in quarries west and 
south-east of Brimsmoor Tree, and north-west of Preston. They 
are about 3 feet 6 in. thick, consisting of light earthy and rubbly 
limestones, overlaid by about 4 feet of brown ferruginouB loamy 
clay. From these quarries the following fossils were obtained by 
Mr. J. Rhodes and myself, and named by Messrs. Sharman and 
Newton : — 



Lima. 
Rhynchonella. 



Ammonites communis. 

crassus. 

heterophyllus. | Seipula. 

serpentinus. i Pentacrinus. 

Belemnites. ; 



♦ Proc. Somerset Arch, and Nat. Hist. Soc., vol. xiii. p. 136; see also S. S. 
Buckman, Quart. .Toum. Geol, Soc., vol. xlv. p. 450. 
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The Upper Lias stone here is sometimes used for the founda- 
tions of new roads, paths, &c., but the quarries are opened mainly 
for the Marlstone. 

Near Yeovil, at the Green Quariy, on the Mudford Boad, to 
the south of Picketty, pale-earthy and iron-stained white limestone, 
known as the Yeovil Stone, was formerly quarried for building- 
purposes. The beds are from 3 ft 6 in. to 6 ft thick. The Stone 
(together with that fi*om Ham Hill) was used in building Yeovil 
church, and in the construction of the Cemetery buildings. 

South of Picketty, the stone was exposed beneath 12 feet 
of laminated micaceous shale with calcareous bands, the beds 
becoming bluer and more shaly towards the base. These beds 
above the Yeovil Stone, are very similar to the micaceous sandy 
shales, which in a lane-cutting by Picketty, are shown beneath 
the Marlstone ; that rock being there brought near tlie surface 
by a fault. Formerly there was a brickyard at Picketty where 
5 feet of clay was worked. above the Yeovil Stone, the beds having 
a westerly dip. 

At the Union Pit, the beds seen were as follows : — 

Ft. In. 
' Loam - - - - - 5 

Micaceous sandy shale - • .40 

White limestone - - - - ;3 f> 

Middle Lias - Marlstone - - - 1 ft. in. to 1 6 



Upper Lias -" 



The sandy micaceous shales above the Yeovil Stone, contain 
thin indurated layers of calcareous sandstone and rotten fer- 
ruginous sandstone, locally known as ** Ingotton." Owing to their 
partially pervious natiure, they have given much trouble at the 
cemetery, where their thickness is about 50 or 60 feet. The 
entire thickness of these shaly beds must be about 120 feet. 

At Harwood's brick-kiln, about 15 feet of brown laminated 
micaceous sandy loam was exposed ; and about a mile further 
north, another brickyard, in Brickyard Lane, showed 6 feet of 
bluish-grey slightly micaceous clay, with occasional nodules of 
blue limestone, resting on micaceous marly clay, containing a 
" lism '* or layer of eandy ferruginous limestone with Pecten 
jiilianns. A well penetrated the beds to a further depth of 38 feet, 
without touching any stone. No other organic remains were to be 
found ; and 1 failed to find any outcrop of the Marlstone (Rock- 
bed) to the north-east. The clays at Brickyard Lane are 
'^ heavier " than those at Harwood's kiln, while to the south-east 
ihe beds (on a lower horizon) are still heavier; the dip is here 
westerly, corresponding with that E. of Picketty. The beds 
unfortunately like those (which they much resemble) in the brick- 
yards at Mudford, afford no distinctive fossil remiuns ; laminated 
sandy shales here as elsewhere being bad preservers of organic 
remains. The beds at Mudford belong to the Middle Lias; those 
now described, are no doubt Upper Lias, judging by the evidence 
of a well-boring at the Yeovil gas-works, where the Marlstone 
was reached at a depth of 1 32 feet. 

R 2 
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The Upper Lias ia |>er8i8tent wherever the strata can be ob- 
«f rved in the area between Ilminster and Yeovil, and again between 
Yeovil and Castle Gary, although it has been shown on the Geo- 
logical Survey Map only over a small area near Sandford Orcas 
and Gorton Denhara, where it was surveyed by Bristow, 

The fact that the Upper Lias comprises sandy shales much like 
those beds below the Marlstone, has led to some inconsistency in 
the mapping of this region. At the same time, judc^ing from the 
observations of Moore and Bristow, the Upper Lias appears to be 
very thin in some places in the areas above mentioned. 

Whether these sandy shales represent the zone of Ammonites 
communis, or, as is more likely, partly that zone and portions of the 
zone of A, jnrensis can only be determined on fossil evidence, and 
that at present is not forthcoming. 

A pit north-west of Trent Barrow, north-east of Trent, showed 
the following section : — 

Ft. In. 

Ferruginous loam and clay - - - .'^ 

Pale grey and bluish mottled earthy lime* 

stone - - - - - 6 

Grey marly clay, with Ammonites communis^ 

A, hifronSy Belemnites - - - 8 

Karthy iron-stained limestones, with ^. com- 1 

mttfitf, Belemtdtes, Pentacrinus - - v 3 3 

Nodular ochreous marl and limestone - J 
Pale earthy limestone and marl - -1 q || 
. Grey marly clay with nodules of limestone / 
j Touffh brown and grey sparry limestone,*^ 
I with pale grey marly stone, on top, in I | ^ 
Middle Lias "^ places, and compact pale limestone- | 

I kernels. Oolitic in places. Belemnites -J 
[ Clayey beds. 

The Marlstone is here quarried for road-metal. The Upper 
Lias *^ rubbish " is not now used, although Moore noted twor layers 
of building-stone. Ammonites serpentinus and A. anmdatusy 
occurred in the debris. 

In sections near Rimptonand Sandford Orcas, Moore noted the 
prince, above the Marlstone, of the Lepttena Beds, Saurian and 
Fish Bed, and '*' Upper Cephalopoda Beds," as previously noted 
in sections near Ilminster ; but as he observes, the equivalents of 
these ** zones " cannot always be recognized in the area. 

In his section at the '^ Home Ground Quarry," Compton (now 
closed, but probably situated between Over Compton and Nether 
Compton), Moore utated that the highest band of Upper Lias 
stone was much eroded, while resting on it was dark clay with 
oolitic grains (2 inches), and mottled brown clay (2 feet). These 
overlying beds he grouped with the '^Inferior Oolite." Sections 
el&ewhere show ^' piping '' of the rock -beds ; and this was probably 
the case with the bed in question, and the overlying clays should 
rather be grouped with the Upper Lias. 

The Basement Beds of the Upper Lias were exposed above the 
Marlstone near Sutton Montis, but afforded no special features. 
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From South Cadbury northwards by Castle Gary and Bat- 
combe, to the neighbourhood of Doultin^ and the Mendip Hillsy 
we have no sections showing the Upper Lias ; but as this forma' 
tion is well shown in the outliers of Pennard, Glastonbury Tor, 
and Brent Knoll, there can be little doubt that the beds are present 
in the escarpment. It will be found that the same obscurity pre- 
vails along the escarpment of the Cotteswold Hills, while the 
outliers afford good sections of the strata. 

Glastonbury Tor rises to a height of a little over 500 feet 
above sea-level. This remarkable conical hill, a monument, as it 
were, of the denudation of surrounding areas, is capped by the 
Midford Sands, which form a knoll, based on a platform of 
Upper Lias clay and stone. Beneath come the thin Marlstone 
Kock-bed, the micaceous sands, and the shales, previously de- 
scribed. (See p. 208, and Fig. 84, p. 263.) The upper beds may 
stated as follows : — 

Ft, In. 
Midford f Sands with occasional beds of calcareous 
Sands. L sandstone ... about 1/4 (' 

Brown and bluish clay with Bekmmtei - 35 
Pale earthy and compact limestones (iron- 
stained) and clays, with Ammonites bifrans. 



Upper Lias 
(ylay and 



Basement 
Beds. 



< 



A, communis, A. erassus, A, serpentinMS, 



Belemmtes, Nucula, and Rhynckonella 
Moorei - - - - - 14 

Middle l^ias • Marlstone, &c. 

Unfortunately the quarries where the Upper Lias was exposed, 
have been abandoned, and the beds are no loi^^er to be seen. The 
beds were referred to by Smeaton as the '* xellow Snake-stone *' 
of Glastonbury. 

To the east of West Pennard there were several small quarries 
(showing the B^isement Beds of the Upper Lias and the Marlstone. 
The following section is taken from one of them : — 

Ft. In. 

Rubble and brown clay • • - 1 

Clayey bed full of fossils. Ammonites com- 
munis, A, erassus, &c. - - - 1 G 
White and pale bluish-grey earthy limestone 
and marly days with " race '* - - 3 

{Marlstone; Tough bluish rock with irony 
grains - - - - - 1 3 

Micaceous sands with Belemmtes. 

Here the roads have been mended with Upper and Middle Lias 
stone, and with specimens of Ammonites serpentinus, A. hifrons^ 
and A, communis. 

Brent Knoll presents the same structure as Glastonbury Tor, 
with the addition of a thin rock-bed on top of the Sands, from 
which I obtained fossils that link it with the Cephalopoda Bed at 
the base f»f the Inferior Oolite of the Cotteswold Hills. (See 



Upper Lias 
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Fig. 85.) Tlie KnoU^ as at Glastonbury, is formed of tlie Sands, 
which rest on a platform of Upper Lias. Here pale earthy and 
rubbly limestones, with A, communis^ A. bifronsy &c., arc turned up 
in the ploughed fields, and may be traced on the brow of the 
platform, west of the hill. In a lane-cutting west of East Brent 
church, pale grey and mottled bluish-grey limestone yielding A. 
earnmunis was exposed. The general section is as follows * : — 

Ft. In. 

Upper Lias - Clay with bands of limestone at base - „ 40 
lul'AA^ r * / Roci(-bed and micaceous sands - „ 80 

Middle Lias - ^ Micaceous shales and clays - . „ 130 

In the neighbourhood of Kilmersdon and lladstock, wc have 
no certain evidence of Upper Lias, although there is a considerable 
thickness of blue micaceous clay between the stone-beds of the 
Lower Lias and the Inferior Oolite. Where positive evidence is 
obtained, however, the Upper Lias is very thin, and the mass of 
the clays belongs to the Middle Lias : beds that have been termed 
" Marlstone," proving by their fossils to occupy a much lower 
horizon, as remarked by Moore, than the Rock-bed at Ilminster 
and other places. Hence there may be local breaks between 
the Upper and Middle Lias in the area between Bath and the 
Mendip Hills. (See p. 211.) 

Several species of Lept(Bna and Thccidiuin are recorded by 
Moore from beds of Lias that occur in veins and fissures of the 
Carboniferous Limestone at Whatley. 

The Basement Beds of the Upper Lias, with Ammonites bifronst 
A, communis f Belemnites tripartitiiSy &c., have been noticed at 
Dundry Hill by Mr. Etheridge.f The entire thickness of the 
Upper Lias and of the overlying Midford Sands, appears to be 
reduced to about 10 feet. 

Near Bath the Upper Lias is but poorly represented in its 
calcareous and argillaceous type. The Basement Beds, from 4 to 
6 ft. thick, have been noticed by the Rev. H. H. Winwood at 
Dundas, and again in the railway-cutting near Devonshire Build- 
ings, Bath.J They yield Ammonites bifronsy A, communis, 
A, crassusy A, serpentinus, Lingula^ fValdlieimia Lycettiy 
Rhynchonella Moorei, &c. Similar beds, about 12 feet thick, 
were noted by Moore, at (>aks Lane, Upton Cheney. 

These beds of Upper Lias have not been shown on the Geological 
Survey Map, owing to their meagre development; but it is 
probable that the Upi)er Lias increases in thickness northwards, 
from Bathcastou towards Marshfield. 



* H.B.W., rroc. Bath Nat. Hist. Club, vol. vi. p. 125. 

t Quart. Journ. Gcol. Soc., vol. xvi. p. 21 ; and W, W. Stoddart, Proc. Bristol 
Nat. Soc, vol. ii. p. 30. 

X Proc. Bristol Nat. Soc., vol. iii. p. 68 ; and Proc. Geol. Assoc., vol. iii. p. 92. 
See also Moore, Proc Somerset Arch. Soc. vol, xiii. p. 15.3 ; H. B, Woodward, Geol. 
East Somerset, p. 115 ; and Phillips, Geol. Ojcford, p. 117. 
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l.lAf* or ENGLAND AND WALKS: 



Gloiicestershir 



In the CotteawoM District the Upper Liae in not often 
exhibited,* nor has it been mapped in the escarpment south of 
Wottou-under-Edge, although probjibly present in an attenuated 
form. It is, however, mapped in the Oolitic escarpment stretch- 
ing north from Wotton, by Dursley and IHey. (See Fig. 67, 
■p. 214.) 

The general characters of the lower beda of Upper Liiis and 
the Marlstone are shown in the accompanying section at Wotton- 
uuder-Edge. (Fig. 86.) 

FiQ 86 Se tw at H-otton nder Edge (H W Bnrtow ) 




At a quarry to the south of Stancombe, and about 1 mile west 
nf Dnrsley, Bristow noted the following section in 1843 : — + 

Midford Sand - Sand, about 3 feet. 

Upper Li&a - CU;, with bands of noduUr blue claystone, t* or 9 feet. 

Middle Lias - Marlstone Rock, in thick beds, irrcf^lar. 

At Newnhain (Newent) quarry, north of Stinch combe Hill, the 
Upper Lias basement - beds have likewise been exposed ; but 
sections of the higher beds, belonging to the zone of A, communit 
are rarely to be seen. 
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At Frocester Hill beneath the Midford Sands, Prof. Buckman 
noted 20 feet of Upper Lias shales, very micaceous, resting on a 
band of white limestone 1 ft. thick (with Ammonites bifrons, &c.), 
with shales below.* A. serpentinus has also been recorded from 
this neighbourhood, together with traces of the Saurian and Fish 
Bed, by Moore. Lycett records Posidanamt/a Bronni from the 
Upper Lias shale near Nails worth, t 

East of the railway-station at Brimscomhe, there is a brickyard 
which showed the higher beds of the Upper Lias clay and the 
passage-l>edR into the overlying Midford Sands. The section 
showed brown loams and sands, resting on blue micaceous clay 
with a few cement-stones, and iron-pyrites. The total thickness 
of the Upper Lias near Stroud is estimated by Witchell at about 
70 feet. There is also a brickyard at Eock Mill, South of 
Pitchcomb, near Painswick. 

The higher beds of the Upper Lias contain nodules of cement- 
stone, and these according to Prof. Hull occur '' in profusion in 
some of the brooks on the sides of the Gotteswold Hills, especially 
that on the southern base of Crickley Hill." He mentions 
sections of the beds in brickyards at Colesbome, and near 
Andoversford.! 

At Sandwell Park, west of Andoversford a cutting on the 
Great Western Railway showed the following section : — 

r Rubble of odite with Rhynckonella 
Midford Sands - < cynoeephala, &c, 

L Micaceous blue and brown sandy loam~] 

r Blue micaceous clay with cement- [ 

Upper Lias Clay. I nodules, septsria and pyrites, witii I 

Zone of 1 Nucula-hed near top : Amtnatdtes bi- )>A0 or 50 feet. 
Anmumiies "S firons, A. anmUatug,A, communis, A. 
communis, Hokmdrei, A. Ifthensis, BelemnUes 

ehngaius, and Area. 

The fossils were named by Messrs. Sharman and Newton. 

The Upper Lias Clay forms somewhat irregular and lumpy 
ground on the slopes, near Andoversford and Charlton Kings. 
Its thickness at Leckhampton has been estimated at 200 feet.§ 

The section at Churchdown (called Chosen) Hill has been 
worked out in much detail during the past 30 years, by the Rev. 
F. Smithe. II He has given the following section : — • 

Ft. In. 

Soil witii Drift pebbles - - - -16 

UDDerLiftfl r Brown marly day - - - - 2 

f Basement ) Concretionary amllaceous limestone (Fish-bed) - 6 

KaH ^ 1 Mottled blue and drab days with Crustacea - 6 

'^*°"^* Brown marlv shale (Leptiena Band) - - 1 

[_ Blue and yellow day - > - -10 

( Yellow marly sands, with ferruginous concretions, 

Middle Lias •-< and nodules with Ostracoda - - - 6 

' I Marlstone rock^ impure ferruginous limestone, 

L blue-hearted - - - - - 10 

* Quart. Joum. Geol. Soc., ¥01. xiv. p. 108 ; see also Wright, Ibid,, vol. xii. p. SOS 

t The Cotteswdd Hills, pp. 23, 24. 

X Geol. Cheltenham, p. 24. 

§ Hull, Geol. CheHenham, Plate 2. 

:| Proc. Gotteswold Club, vol. iii. p. 40, and vol. vi. p. 374. 
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From the Upper Lias Dr. Snuithe has recorded Leptoleph 
c(mcentricu$, Pachycormus, Ammonites communis^ A. bifrons^ 
A, annulatuSy A, lythensis, numerous Gasteropoda^ some Lamelli- 
branch^ and Brachiopods (the last-named including the tiny 
Lept(Bna Mtwrei), Crustacea, &c. The section compares well wiUi 
those near liminstcr ; while the yellow marly sands, which have 
yielded Bourguetia turbinata^ &c. may include the Transition Bed 
of the Midland Counties. 

At Stanley Hill, west of Winchcomb, the following section was 
noted by Moore and the Rev. P. B. Brodie in 1866* : — 



Clay and vegetable soil ..... 

f Saurian and Fish Bed . . . 

Blue clay . - - - - 

Grey laminated clay [includin^ir licptiena 
. Beds] . . - - - 

Middle Lias - Marlstoue . - . . - 



Ft. In. 



Upper Lias 

(Basement 

Beds). 



4 
1 
5 

14 
3 








G 



The sections in this neighbourhood are sometimes referred to 
under the locality of Gretton, a village on the north side of 
the hill.t Upper Lias also occurd on Oxenton Hill. (See Fig. 87, 
and Fig. 68, p. 218.) 

Fig. 87. 

Section across Oxenton Hill, near Winchcomb^ Gloucestershire, 

(Prof. E. Hull.) 



CXENTON CAMP. 



a. Inferior Oolite. 
6. Upper Lias. 



e. Middle Lias (with Marlstone on top). 
d. Lower Lias (clays). 



The Upper Lias of Dumbleton has long been a noted locality 
for its " Fish-bed " and for remains of Insects. A large collection 
of the fossils was formed by Miss Holland^ of Dumbleton,]: and 
the beds have been described by many geologi8t8.§ 

The total thickness of the Upper Lias of this neighbourhood 
is estimated at 150 feet by the Rev. P. B. Brodie, but it is the 
lower beds, exposed on the hill that rises between the villages of 
Alderton and Dumbleton, to which attention has been prominently 



♦ Proc. Somerset Arch, and Nat. Hist. Soc, toI. xiii. p. 148. 

t See F. Smitlie and W. C. Lucy, Proc. Cotteswold Club, vol. x. p. 209. 

X Wright, Proc. Cotteswold Club, vol. iii. p. 1.53. 

§ Brodie, Geologist, vol. i. p. 230 ; Fossil Insects, p. 55 ; Quart. Joum. Geol. 
Soc., vol. V. p/ 32, and Proc. Cotteswold Club, vol. ii. p. 138 ; Murchison, Oeol. 
Cheltenham, ed. 2, by Buckman and Strickland, pp. 85, 36 ; Buckman, Proc. Qeol. 
Soc., vol. iv. p. 211 ; F. Smithe and W. C. Lucy, Proc. Cotteswold Clab, vol. vii. 
p. 149 ; R. F. TomeM, Geol. Mag., 1886, p. 108 ; B. Thompson, Joom. Xorthamptcm 
Nat. Hist. Soc., vol. iii. p. 188. 
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directed. Tbe quarries are no longer worked to the extent that 
was formei ly the case, but the one sometimes noted as Alderton 

?uarry, v/as at the south-eastern corner of the hill, while the 
tumble ton quarr}' was towards the east. 

The Finh-bed is an interrupted band of limestone formed of 
yellow nodules, blue inside, evidently much like the Fish-bed of 
the Upper Lias of Ilminster. It has yielded remains of 
Saurians, and of the Fishes Leptolepis, Pachtfcormus, and 
Tetragonolepis discus ; Insects including forms allied to Lihellula ; 
and Cephalopods with the Ink-bag preserved. 

About 2 feet above the Marlstone, Mr. R. F. Tomes obtained 
two species of Corals, Thecocyathus tuberadatus and Trochocyathns. 
Ammonites Holandrei^ A. serpentinus, AptychuSy Belemnites^ 
Euomphalus (?) minutusy and Inoceramus dubiusy have also been 
recorded. So that altogether there is a remarkable similarity be- 
tween the beds and those of the neighbourhood of Ilminster, 
although in Gloucestershire these Basement Beds arc much thicker 
than are the equivalent strata in Somersetshire. 

Prof. Judd in 1875, suggested that the name '^ Dumbleton 
Series '' might be applied to these Paper-shales with Fish and 
Insect Limestones^ ; and it is a name that may be useful when 
we wish to particularize these fossiliferous beds. Nevertheless, as 
elsewhere remarked, the preservation of the characteristic fossils 
is somewhat local and independent of the sedimentary accumula- 
tions, and although we have evidence of these Fish and Insect 
Limestones at intervals from Somersetshire to Lincolnshire, it is 
hardly possible to make any general stratigraphical distinction 
between them and the beds grouped as the zone of Ammonites 
serpentinus. 

The section at Alderton (Dumbleton), in 1887, was as follows : — 

Ft. In. 

Brown clay with blocks of pale-grey earthy 
limestone. Belemnites • - 1 G 

Pale marly clay - - - - - (J C 

Paper-shaJes with lenticular earthy and 
nssile shaly limestone (Fish and Insect 
Bed) in the upper part; the beds are 
brown on top and bluish-grey below, ^about 20 
passing down into paper-shales with I 
crushed Ammonites - - - I 

( Shales with Leptana " • - J 

Hard brown sandy ferruginous and mica- 
ceous limestone, with Ammonites spinatusy 
Belemnites (abundant), Nautilus, Avicula 
incequivalris, Limea acuticosta, Pecten 
tequivalms, P, lunularis, Pleuromya cos- 
lata, RkynchoneUa tetrahedra, Sec. (seen 
to depth of 3 feet). 

Micaceous and sandy shales with ironstone- 
nodules, Belemnites, Pleuromya costata. 

The quarry has for some time been abandoned, and the lowest 
beds of the Upper Lias were not clearly shown. A list of the 



Upper Lias 
(Basement 
Beds). 



< 



Middle Lias -^ 



* Geol. Rutland, pp. 68, 79. 
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fossils has been lately published by Dr. F. Sniithe, and Mr. W. C. 
Lucy.* 

The Upper Lias outcrops on the northern side of Rredon Hill, 
where its thickness was estimated by Mr. Howell at about 100 
feet It has been traced continuously around the northern end 
of the Ootteswold Hills, and in some of the deop inlying valleys, 
although as remarked by Prof. Hull, its outcrop is for the most 
part concealed by oolitic detritus.t In the outlier of Ebrington 
Hill, its thickness has been estimated at 120 feet, by Mr. S. 6. 
Hamilton. 

There are few sections on the eastern side of the Cotteswolds, 
bordering the Vale of Moreton, but the beds were exposed in a 
brickyard near Broadwell. Upper Lias clay was exposed at the 
base of the Inferior Oolite Series, in the railway-cutting west of 
Bourton-on-the- Water ; no sections are known near Clapton or 
the Rissingtons ; but the clay has been dug for brick- and tile- 
making to the north of Sherborne. Its thickness in this neigh- 
bourhood has been estimated at from 40 to 70 feet. Further east, 
along the borders of the Evenlode Valley, the thickness diminishes. 

Oxfordshire. 

The Upper Lias is exposed here and there in the valley of 
the Windrush to a point a little east of Bnrford. In the Even- 
lode Valley it has been exposed at Fawler, where beneath the 
Inferior Oolite the following beds were shown : — 

Ft. In. 
Blue clay with occasional small cement-stones 

and ironstone-concretions - 12ft. in. to 13 
Brown earthy limestone, with ironstone 
UuDerLiaa U al>ove and below . . . -30 

upper L.ias ^ p^^ ^^^^ ^^^ ferruginous limestone, with 

Ammonites annulatMS, A, bifrons, A, com' 
munis, A. crasstu. A, serpentinus, Belem- 
L niiesventraUs - - Oft. 2 in. to 3 

Middle Lias - Marlstone (Iron-stone). 

The Upper Lias at the tunnel north of Chipping Norton was 
estimated by Mr. Beesley to be from 30 to 36 feet thick. He 
did not observe any of the limestone-bands at the base of the 
formation, as met with at Bloxham and elsewhere ; but the beds 
apparently were not clearly exposed down to the base.J 

A thickness of nearly 60 feet was proved in a well at Kinghain 
Hill, farther north ; a well near Bloxham proved 60 feet, while 
near Banbury the thickness is about the same. 

In the railway-cuttings west of Hook Norton, the Upper Lias 
clays (zone of Am. communis) were well shown beneath the 
Inferior Oolite series, and there many fossils have been collected 



* Proc. Ootteswold Club, vol. x. p. 202. 
t Geol. Cheltenham, pp. 24, 25. 
X Proc. Gi»ol. Amoc., toI. v. p. 180. 
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by Mr. Beesley,*' Mr. E. A. Walford,t ^^* J- Windoes, and mybelf . 
They inchid<! the following species: — 

Ammonites annulatus. Belemnites subaduncatus. 

■ bifrons. vulgaris. 

— communis. Area elegans. 
crassus. Inoceramus dubius. 



fibulatus. Leda ovum. 

elegans (subplanatus ?). Nucula. 

'Delemnites acutus. Discina refleza. 
' ilminsterensis. 

The clays contain small nodules of limestone. Here and else- 
where in the neighbourhood of Banbury^ Ammonites Jibulatiis 
appears to be the prevalent Ammonite in the cluys. Only a few 
of the specimens found, are in a perfect condition, most of them 
having lost their inner whorls. It is a species intimately linked 
with A. Holandrei. (See p. 250.) 

The Upper Lias has been traced in straggling outliers and 
inliers, from Chipping Norton to Tysoe Hill, near Compton 
Wynyate, and Shenlow Hill, west of Shenington. The main out- 
crop passes through Great Tew, and borders the Cherwell valley 
at Steeple Aston and Upper and Lower Heyford. 

Whether or not the Upper Lias, or indeed any portion of the 
Lias extends beneath Oxford is not known. The evidence of the 
saline waters met with in an artesian well at St. Clement's 
Brewery, Oxford, led Prof. Prestwich to suggest that the Oolites 
there rested directly on the New Red Sandstone Series.J In the 
Burford Signett boring the thickness of the Upper Lias has been 
estimated at 82 feet, and at Wytham near Oxford at about 14 
feet. At Wytham moreover there appears to be a thickness of 
170 feet of Lower and Middle Lias; and if this be true, the 
Lias probably does extend below Oxford. 

The junction of Upper Lias (Basement Beds) and Marlstonc 
has been well exposed in the railway -cutting east of Bloxham 
station. The section is as follows : — 

Ft. In. 
GrejT and brown ferruginous clay with sele- 
mte ; with, at, or near the base, a Penta- 
crinite bed, a thin layer nuide up almost 
entirely of Crinoidal remains, with much 
pyrites. 
U r T ias J ^*^ ferruginous loamy layer with ironstone- 
uppe L.ias -^ nodules - - - - - 6 

Blue and grey marly clay with thin bands of 

grey ferruginous nodular earthy limestone. 

Ammonites communiSy A, bifrons, A, serpen^ 

tinus, &c. - - - - . 

^ale grey earthy limestones . . - 

nSarthy iron-shot limestone, and compact 

banded ironstone (in places). 

w; J 11 I • „ J Brown and bluish-green marlstone, with 

Miamei^ias .<j Crinoidal bed in places near the top, about 20 

Blue and brown micaceous sandy shales 
(base not seen) - - - « 3 



* Proc Geol. Assoc., p. 169. See also Hudleston, Ibid., p. 388. 

t Quart. Joiini. Greol. Soc., vol. xxxix. p. 229. 

J faper rend before the AMhTnoIean Society, Oxford, June 12, 1876. 
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The Basement Beds of tlie Upper Lias are here very rich in 
Ammonites, yielding in addition to those mentioned. A. annuiatus^ 

A, crassus. A, cornucopia, and A, heterophyllus ; also Belemnites 
acuius, Amberleya, Avicula, OstreOy Plicafula^ &c.* 

The beds further eastward in the railway-cutting, are slightly 
faulted in two or*three places — the Upper Lias being brought 
abruptly in contact with an upthrust mass of Marlstone. 

At the brickyards about n mile from Banbury, on the road to 
Broughton, the Upper f^ias clay is dug for making red bricks and 
drain-pipes. On the south side of the road there were exposed 
al)out 10 feet of bluish-grey and brown shaly clays^ with thin 
ironstone bands and selenite. North of the road, about 30 feet of 
bluish shaly clays, mottled blue and brown on top, were exposed. 
The clay is more or less micaceous, it contains much selenite, 
small limestone-concretions and many ocbreous and pyritic 
nodules. There are occasional irregular bands of grey earthy lime- 
stone, exhibiting * cone-in-cone ' structure. Ammonites Jibulatus 
IS the characteristic fossil, a few bivalves also occur, but fossils 
on the whole are scarce. Mr. Walford estimates the full thickness 
of the Upper Lias at this locality at 50 feet. 

Upper Lias fossils may occasionally be found on top of the 
Marlstone or in crevices of the rock on Edge Hill, and the Rev. P. 

B. Brodie informs me that he there found fragments of the Fish 
Bed ; but no definite traces of the strata are preserved. Further 
north there is an outlier of the Upper Lias, capped by 
Northampton Sands, on the Burton Hills, near Burton Dassett 



* See T. Beesley, Proc. Geol. Assoc., vol. v. p. 16S; and Wri|(ht,L?a8 Ammonites 
( I'alaeontograph Soc.), p. 128. 



271 



Zone of Ammonites 
communis. 



CHAPTER X. 
UPPER LIAS— (continnaf), 

Northamptonshire, 

The Upper Lias of Northamptonshire and districts to the north- 
east, has been divided as follows^ mainly in accordance with the 
divisions adopted by ProK Judd* : — 

Leda-ovum Beds. 

Giays with few fossils (Unfossiliferous Beds of B. Thomp- 
son). 
L Communis Beds. 
Zones of A. serpentinus f Serpentinus Beds, 
and A. annulatusA Paper Shales with Fish and Insect Limestones. 
(Basement Beds). I Transition Bed. 

The Paper Shales consist of finely -laminated bluish-grey shales, 
poorly developed in Northamptonshire (1 ft. to 18 ins.), but 
containing a band, or nodular masses, of pale grey or brown 
argillaceous limestone, a few inches thick, which yields Fish-remains 
and occasional remains of Insects. This divisicm may be correlated 
with the lowest beds of the Upper Lias at Dumbleton in 
Gloucestershire. 

Saiu*ian bones are rarely found. The Fishes include Lepidotus 
elrensis, Leptolepis concentricusy and Pachycormus, Otolites of 
Fishes have also been found. The Ammonites include A, bijronsy 
A, communis^ A, cornucopia^ A. crassus, A. eleffans^f A, Hoi- 
andrei, A, Leviaoni^ A. serpentinus , and Aptychu Among other 
fossils are Beleninites (rare), Inoceramus dtdnus, Euomphalus (?) 
mijiutus, &c. Lignite and Jet are occasionally met with, and the 
occurrence of ( -oprolites was noted by the Rev. P. B. Brodie. 
Mr. Bee^y Thompson notes that the Fish-bed consists of fipsile 
nodules which are not concretionary, but appear in most instances 
to have been rounded by j>ercolating water. (See p. 319.) 

The ^* Serpentinus " Beds consist of marly clays with an over- 
lying thin band, or nodules, of soft sandy and sometimes ferrugi- 
nous limestone (" Lower Cephalopoda Bed ") ; and they are 
about 5 feet thick. Mr. Thompson records Saurian bones 
(rare). Ammonites bifrons (rare), A, communis, A, exaratus, A. 
Holandreiy A, serpentinus (falcifer), Behmnites, Nucula Hammeri, 
Gasteropods, &c. 



* Geol. Rutland, pp. 79, 89 ; see also B. Thompson, Joura. NorthainptoD8hire 
Nat. Hist. Soc, vol. iii. p. 186. 

t Including the forms known a^ A, complanaiu* and A. suhphnattis ; for gnch 
forms the name A. radians was employed by Prof. Judd. 
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The *' Communis *' Beds consist of grey and blue marly and 
shuly clay^ 2 to 8 feet thick, surmounted by flaggy and nodular 
limestone bands (" Upper Cephalopoda Bed '') about 1 ft 6 inches 
in thickness. The stone \» sometimes oolitic, according to Mr. 
Thompson. He records Ammonites bifroiUy A, communis (very 
abundant), A. cornucopia , A, Holandrei (abundeiut). A, semicelatus, 
A. serpentinus (Jalcijer), Belemnites canaliculatus, B, irregularisy 
Trochus duplicatus, Nucula Hammeri^ N, claviformis, &c. 

It will be noticed that the name '' Communis Beds " is applied, 
locally, to the lower part of the zone of A. communis ; neither 
palseontologically nor stratigraphically is this division distinctly 
separable from the Basement Beds of other localities, but 21s it is 
considered to be somewhat local, it may be taken as an indication 
of the fact elsewhere noted, that the Basement Beds shade up into 
the overlying strata. (See p. 248.) 

The upper part and indeed the main mass of the Upper Lias in 
this^ as in most other tracts, consists of blue clay with nodules of 
limestone and septarin. 

In his detailed notes on the Upper Lias of Northamptonshire 
Mr. Beeby Thompson has subdivided the clays as follows : — 

(Upper Leda-ovum Beds = ** Jurensis " Zone (in part). 
Miadle Leda-ovum Beds* 
Lower Leda-ovum Beds or Cerithium Beds. 
Unfossiliferous Beds. 

Among the more abundant fossils that have a wide range, are 
Ammonites bifrons^ A. cornucopia, A, heterophyllus, A. serpentinus 
{falcifer)y Area eleganSy Euomphalus (?) minutus, Inoceramns 
dubiusy and Leda ovum, Belemnites occur more or less abundantly. 

The total thickness of the Upper Lias in the boring on the 
Kettering road near Northampton, was 153 feet ; and at Diiston, 
1 90 feet.* 

The ** Unfossiliferous beds" consist of dark blue pyritic clay, 60 feet and 
upwards in thickness. Selenite is abundant, and jet is also found. 

Calcareous spar exhibiting cone-in -cone structure and known as " Nail- 
head Spar " is also found in the upper part of the heds.f Occasionally fossfls 
are obtained, and Mr. Thompson reooiiis Anunonites btfrons, A. commvms, A. 
Holandrei, A. serpentinus, Ceritkimm, Inoceramus dubius, and Nucula Hammeri, 

The occurrence of such unfossiliferous beds, accompanied by selenite, may 
be attributed simply to the destruction of the organic remains and the con- 
sequent formation of selenite. Nevertheless locally the beds seem to occur 
along a fiurly persistent horizon. 

H^ Lower Leda-ovum beds are distinguished by the abundance of small 
Gasteropoda, especially Cerithium armatum, and by the prevalence of .^miiio 
nitesfibmatus and Nucula Hammeri, Among other species recorded by Mr. 
Thompson, are Ammonites bifrons, A. crassus, A. Holandrei, Nautitus, Acttfo- 
nina, Euompkalus{?) minutus, Area etegans, Deutalium liassicum, Inoceramus 
dubius, Leda ovum, Peeten vumilus, Diidma refitxa, &c. 

No distinguishing fossils are noted from the Middle Leda-ovum Beds, 
which in fact form but a passage from the lower to the higher stages of this 
clay-division, and do not constitute a group of any special value. 

** H. J. Eunsoo, Qoart. Journ. Geol. Soc., vol. xl. p. 4S6 ; B. Thompson, lifiddle 
Lias of Northamptonshire, p. 101. 

t This piructure occurs also in thn Upper Lias of Yorkshire. See p. 277, and 
StrangWHys, Juransic Rocks of Yorkf»hire, pp. 127, 386. 
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In the Upper Leda-ovum clays, the fossils occur mostly in clusters in hard 
nodules, and among them Mr. Thompson records the following : — 

Sanrians. 
Ammonites hifrons. 

cornucopia. 

elegans. 

heterophyllud. 

— ' Lilli (near to A. comensisX ). 

X lympharuro. 

Belemnites (several species). 
Dentalium (gracile) elongatum. 

' liassicum. 
Euomphalus (P) minutus. 
Area elegans. 



Astarte minima. 

X Cardium (Protocardium) substriatulum. 

X Gresslya abducta. 

Inoceramus dubius. 

Modiola gregaria (cuneata P). 

X Avicula substriata. 

Ostrea sandalina. 

Pecten demissus. 

Trigonia northamptonensis (near to T. 

literata X ). 
X Discina reflexa. 
Lingula Beani (not found in lower beds] 

The species marked X are recorded by Messrs. Tate and Blake from the 
zone o{ Ammonites jurensis,* and Mr. Thompson is of opinion that this zona 
may to n certain extent be represented in Northamptonshire, by these Upper 
Leaa-ovum clays. 

The total thickness of the Leda-beds in Mr. Thompson's opinion cannot be 
less than 50 feet ; but estimates are necessarily rather doubtful, as the sub- 
divisions of the Leda-ovum Beds " merge gradually one into the other." 

A number of Foraminifera from the Leda-ovum Beds, have 
been described by Messrs. W. D, Crick and C. D. Sherborn.t 

As Mr. Thompson remarks, in Northamptonshire there is no 
diflScultv in decjiding the 8lrati<n^pliical boundary between the 
Upper Lias and Inferior Oolite, for the junction between the two 
formations is, as a rule^ sharply defined, and sometimes presents 
evidence of an unconformity. The Basement-beds of the Inferior 
Oolite (Northampton Sands) here belong mainly to the zone of 
Ammonites opalinus, but they contain, not uncommonly, specimens 
of A. jvrensisy wherefore the zone of A. jurensis is to some 
extent represented in the Northampton Sands.j: 

The fact that the junction is often very sharply defined, and 
that there is evidence of local erosion would isuggest that portions 
of the zone of ^. jurensis were in places unrepresented, and this 
appears to be the case. On the other hand '*at one or two places> 
there is evidence of a passage from the Upper Lias to the 
Inferior Oolite, with, apparently, only a slight cessation of 
deposit." I have seen instances of this gradation. 

Comparing the Basement-beds of the Inferior Oolite (Northamp- 
ton Sands) with the Dogger of Yorkshire, there is evidence of 
much agreement in general structure and fossil contents ; but 
there is no evidence at present of the occurrence in Northampton- 
shire at this horizon, of Ammonites striatulus and other Ammonites 
that characterize the underlying shales in Yorkshire. The absence 
of these Ammonites cannot alone be taken as proof of any 
break in the sequence, but the stratigraphical and palasontological 

♦ Torkshire Lias, p. 190 ; see also Fox-Strangways, Jurassic Hocks of Yorkshire, 
vol. i. p. 136. 

t Joum. Northamptonsh. Nat. Hist. Soc., vol. vii. p. 67. 

J ThomppoD, Joam. Northampton Nat. Hist. Soc, vol. v. p. 75 ; E. T. Newton, 
Geo]. Ma^., 1891, p. 493. See also S. S. Buckman, Joum. Northampton Nat. Hist. 
Soc., vol. vi. p. 7. ; Mr. Buckman regards the form found in the zone of A. opalinus 
as deserving a distinct Tiame, and he lias called it Ammonites (Lytoceras) Wrighti. 

£ 70S59. S 
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bcie are intereetlng as atTording eotoe evidence of a local break in 
the zone of A. jurensis. Aa Mr. Thompson poinie out, saady 
conditiona came on earlier in the west of England than in the 
midland counties, and the general assemblage of fossils met with 
on the sanje liorizon wouW be liable to the variation due to 
different conditions of the sea-bed* (See also p, 246.) 

To the north-east of Banbury the lower beds of the Upper 
Lias have been exposed in numerous sections, which have been 
described by Prot. Green,t Mr. Beesley.t Mr. E. A. WaIford,5 
nnd Mr. Beeby Thomp8on.|| The aections are of interest aa 
furnishing evidence of the "Transition Bed" before mentioned, 
that occurs between the Middle and Upper Lia?. Sections have 
been opened up near Chacombe, Middleton Cheney, Thpnford, 
HcUidon, and other places. There the Basement-Beds of the 
Upper Lias consist of clays and white earthy limestones, varying 
a good deal in detail, from 6 to 9 feet thick, and yielding the 
usual Ammonites. At Thenford some Fiah-remaina were ob- 
tained by Mr. fieesley, but the various foasil-horizone have only 
locally been identified. (See Fig. 88.) 

Fig. 88. 

Section in a Quarry South of Thenford, NorthamptoRshire. 
(Prof A. H. Green.) 




A. Sutfkee-soil and Hobble. 

B. MnrlstoiK! Rock-bed. 

C. irpp«r Liaa clsf e, with Ino bedd of exrtbj linuMtone. 



In the higher part of the Ouse Valley the outcrop of the 
Upper Liaa occupies an extensive tract, being a portion of the 
main mass which skirts the Cherwell valley to the aouth-weat 
Details of one or two aeotioiis will be eufficient to indicate the 
charactera of the beds seen in this district 

• Jouni. Nortbamptonuhire Nat. Hirt. Soo., toI. *i. p. 99. 
t Geol. Banbury, p. 8. 

I Proc. Wariricli shire Field Club, 1871, p. 2S. 
, I See referencea on. p. 238, 

II JotiTD. NorthamptoD Nat. Hiat. 800., vola. Iti. to ti. 
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The following section on the East and West Junction Bailway 
south of Byfield, was recorded by Mr. Beeby Thompson :-— * 

Ft. In. 
. 3 



a 

ft 
s. 



Zone of Ammonites 
communis. 



s 



V 



" Serpent i- 
nu8 Beds. 



Soil and Clay ... 

Upper Cephalopoda Bed. Flag^ limestone 
with Ammomtes communis. A, bifrons. A, 
Holandrei, Belemnites, Pecten, Astarte, &c. 6 
Clay-marl with concretions ; A, communis^ A, 
infrons, " Falcifer ** Ammonites, Belemnites, 
. Astarte, Pentacrinus, &c. - - - 3 

"Lower Cephalopoda Bed. Hard sandy lime- 
stone wdth A, serpentinus, A. exaratus. A, 
Holandrei, A. communis, Belemnites, Sec, - 9 
Light coloured marl. A, communis (rare), 

Belemnites ' - - - '26 

Shale, with flattened Ammonites, Belemnites, 

Fish Scales - - - - 1 

Fish Bed, nodular limestone, Ammonites com- 
munis, A. crassus. A, serpentinus, Euom» 
(_ phalus (?) minutus, &c. - - . () 4 

r Dark hlue and red sandy clay - - 3 

- •< Yello^^nsh sandy and marly layer. A, acutus, 
L Gasteropods, &c. - - - -04 

/ Rock Bed, hrown ferruginous marlstone with 
' 1. IValdheimia resupinata, &c. - - 10 

Blue Clay. 

The following section near Milton Malsor or Middleton, near 
Northampton, has also been recorded by Mr. Thompsonf : — 

Ft. In. 



o 

a 
o 



Fish and In- 
sect Beds. 



Transition Bed 
Middle 



ts:,}^^"^'^-^ 



»4 



< 



Zone of A. serpen^ . 
tinus : with Fish ^ 
and Insect Beds. 



Soil ------ 

Light coloured marl with Ammonites com* 
munis, &c, ..... 

Cephalopoda Bed. Pale irregular limestone 
with "Falcifer" Ammonites, Belemnites, 
&c. - . . - - 

Clay and paper-shale with Fish-remains 

Fish Bed. Nodules of fissile sandy lime- 
stone, with Fish-remains, Ammonites, 
Euomphalus I?) minutus, Lignite, Ac. 

Paper-shale with Fish-remains 
J Red sandy clay - - - 

\ Fossiliferous sandy marl 

Rock Bed • - - - - 4 



1 



1 10 



:} 











1 



6 
6 



3 
2 









Transition Bed 
Middle Lias - 

In this area the Fish Bed was noticed many years ago by 
the Rev. P. B. Brodie, who gives details of the section at 
Bugbrook.J From that locality a fine specimen of Lepidotus 
clvensis was obtained by Miss Baker, and eventually placed in the 
British Museum. 

The Upper Lias clay has been exposed in the railway-cutting 
west of Brackley railway-station, and in an adjoining brickyard. 
It consists of blue and grey clay with race^ selenite^ and small 
cement-stones.§ Another brickyard north-east of the town^ 

* Joum. Northamptonshire Nat. Hist. Soc, rol. iii. pp. 197, 30a ; see also H. B. W.> 
Explanation of Horizontal Section, Sheet 140, p. 7. 

t Joum. Northamptonshire Nat. Hist. Soc., vol. iii., p. 189 ; see also Bep. Brit. 
Assoc, for 1891, p. 334. 

% Proc. Cotteswold Clab, toI. ii. p. 132 ; see also B. Thompson, Bep. Brit. Assoc, 
for 1891, p. 887 ; and G. Biaker, Historj of tforthanapton, rol. i. p. 440. 

§ Green, Geol. Banbarj, p. 19. 

8 2 
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showed the clays overlaid by Northampton Sands. Here about 
8 feet of blue pyritic clay (with Ammonites Holandrei) was to 
be seen. 

The clays have also been worked at Thenford Hill quarry, near 
the Camp and Windmill, between Thenford and Thorpe Mande- 
ville. There Mr. Thompson obtained Ammonites Holandrei, 
A, Jihulatusy Nucula Hammeri^ Leda ovum, &c. ; he regarded the 
clays as belonging to his Lower Leda-ovum beds. Similar beds 
were opened up in a clay-pit near Wappenham. 

Over this area and to the north and north-east, the Upper Lias 
along its main outcrop, is overlaid by straggling outliers of 
Northampton Sands and Great Oolite, and the inclination of the 
ground corresponds generally with the dip of the strata, so that 
the streams draining into the Tove at Towcester flow over the 
dip-slope. This structure indeed prevails over those parts of 
Northamptonshire where the Upper Lias is developed, and 
Mr. Aveline observes that in many places ** the brooks have 
merely removed the overlying sands and flow over the top beds 
of the clay, the toughness of which has a tendency to resist any 
further denudation."* 

Outliers of Upper Lias, capped in most cases by Northampton 
Sands, occur to the north-west, at Wardington, Eydon, Arbury 
Hill, Staverton near Daventry, &c. I found evidence in the 
country between Little Preston and Fawsley Park, to show that 
the Basement Beds of the Upper Lia?, extend over larger areas 
than are shown on the Geological Survey maps.f 

The clays have been worked in many places for brick -making. The so- 
called " Unfossiliferous beds " having been opened up south-west of Weston, 
near Weedon Lois; between Morton Pinkeney and Sulgrave, between 
Famdon and Chipping Warden, between Everdon and Newnham (where the 
beds are worked beneath the Northampton Sands), at Upper Weedon, on the 
Weedon and Daventry Road near Daventry, in the railwaj-cuttings between 
Weedon and Daventry, and in a brickyard near Welton, where the days have 
been preserved through a fault. | 

In the brickyards north of Eydon, the Middle Leda-ovum beds have been 
exposed, vieldmg Ammonites fibidatus, Leda ovum, &c. Many fossils were 
obtained here by Mr. Beesley, who remarks on their excellent preservation, 
the nacreous layer being present. § 

Other sections have been exposed at Badby, to the £. of Everdon, and 
at Easton Neston near Towcester. 

The main mass of the Upper Lias extends along the valley of 
of the Tove by Towcester to near Castlethorpe. The clay has 
been worked for brick-making south-east of Tiffield, between 
Blis worth and Towcester ; at Eingthorn near Greens Norton, west 
of Towcester (Upper Leda-ovum beds) ; near Silverstone ; Grafton 
Be^is, and in other places. 

The evidence obtained in pits near Deanshanger, shows that the 
Great Oolite is separated from the Upper Lias by aboat 20 feet 
of the Upper Estuarine Series and Northampton Sands. The 

* Geol. part of Northamptonshire, pp. 7* 8 ; and Geol. parts of Korthamptonshire 
and Warwickshire, p. 7. 

t H.B.W., Explanation of Horizontal Section, Sheet 140, p. 7. 

t Thompson, Joam. Northamptonshire Nat Hist. Soc., rol. iv. p. 16 ; Bap. Brit. 
Ahoo. for 1891, p. 885. 

S See also Areline and Trench, Geol. part of Northamptonshire, p. 8. 
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record of a well near Stony Stratford^ however, gives no definite 
indication of these intervening strata : beneath the Great Oolite 
limestone^ there is said to be 88 ft. of clay, and this probably 
includes the Upper Estuarine Series. (See p. 230.) 

Inlying exposures of Upper Lias have been mapped at Stoke 
Goldington and Weston Underwood, between Olney and Newport 
Pagnel. I have examined the exposares, in company with Mr. 
A. C. G. Cameron^ and we found no evidence of Upper Lias. 
The clays exhibit green and purple tints, like the Upper Estuarine 
Beds with which I think they should be grouped. The occur- 
rence of" Nail-head spar " in the clay at Stoke Goldington brick- 
yard might be taken as suggestive of Upper Lias ; but bands of 
fibrous carbonate of lime or " beef," are not uncommon in the 
Upper Estuarine Beds, and the " cone-in-coue " structure of the 
naolhead spar, seems to be intimately connected with the " beef." 
It is, however, not unlikely that in this neighbourhood, as further 
westward, the Estuarine clays may, in places, rest directly on 
Upper Lias clay, for the Northampton Sands become much 
attenuated, and may not always be present. 

Northwards the outcrop of the main mass of Upper Lias clay 
continues near Stowe-nine-churches and Blisworth by Northamp- 
ton, and along the course of the Nen Valley and its tributaries. 

Stowe Brickyard east of Stowe-nine-churches, and south-west 
of Nether Heyford, showed the following section, to which I was 
conducted by Mr. Beeby Thompson : — 

Northampton Sands - Brown ironstone. 

{Grey and brown clay. 
Blue slightly calcareous clay with calcareous 
nodules and " nail-head spar " (cone-in-oone). 

Small Gosierofods {Cerithium armatum)^ Ammonites bifrons^ A. 
Jibulatus, and A. heterophyllus are found in the clays, so that there 
is no evidence here of the highest stages of the Upper Lias, 
grouped by Mr. Thompson with the zone of A. jurensis. 

Fig. 89. 

Section at a Brickyard near Gay ton Wharfs Blisworth, 

Northamptonshire. 







h. Boulder Clay, 8 feet. 

a. Upper Lias clay (mach contorted), with fermginoos nodules and lelenite. 
shoim to depth of 15 feet* 



upper Lias 
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Gayton brickyard, N.W. of Blisworth, showed the following 
section: — 

Ft. Ih. 

r Blue and brown clay with scratched Chalk- 
Boulder Clay < stones, flints, <fec. - - - 20 to 25 

L (Even or gently undulating line.) 

"Blue slightly micaceous clay, with small 
nodules, and slightly calcareous concre- 
tionary seam, with Ammonites bifrons, 
Nucula Hammeri, &c. - - - 25 

Mr. Thompson records also Ammonites Holandrei, A. serpen- 
tinuSy BelemniteSy Cerithium, Dentalium liassicumy and Inoceramus 
dubius. Fossils are rare, and he considers the clay to belong to 
the " Unfossiliferous Beds."* 

A lesser thickness of the same beds is exposed in another brick- 
yard near Gayton wharf. The upper portion of the Upper Lias 
clay, beneath the Boulder Clay, is here seen to be very much 
contorted : a feature produced by Glacial action (see Fig. 89). 

A boring at Gayton, was carried through about 8 feet of Drift 
and Upper Lias, 20 feet of Middle Lias rock-beds, and 553 feet 
of other beds of Middle and Lower Lias.t 

The clays extend over a considerable area eastwards to Preston 
Deanery and Horton, and they have been worked for brick-making 
at Wooton. 

The Upper Lias clay is well shown in brickyards at Northamp- 
ton ; in one known as the Yigo pit, on the southern side of the 
town, and in three pits near the Kingsthorpe Boad on the northern 
outskirts of the town. The clays are exposed beneath a covering 
of the Basement-beds of the Northampton Sands, (ironstone, and 
ferruginous sandstone with nodules), 2 or 3 feet of which beds are 
exposed in places. Beneath, there is usually from 1 8 inches to 
2 feet of grey shaly and ferruginous clay, which passes down 
into the ordinary blue c!ay with nodules of argillaceous limestone. 
At Vigo brickyard we see about 30 feet of clay. The fossils met 
with at these localities include the following : — 



Ammonites bifrons. 
— — — communis. 

crassus. 

— »— exaratus. 

heterophyllus. 

Holandrei. 

lythensis. 

serpentinus. 



Nautilus astacoides. 
Belemnites striolatus. 

Voltxi. 

Cerithium. 
Area. 

Inoceramus dubius. 
Leda ovum. 
Pleuromya costata. 



According to Mr. B. Thompson they indicate beds on the horizon of his 
Lower and Middle Leda-ovum Beds. 

Lower down the Nen valler we find brickyards here and there, at Castle 
Ashby, north of the Midland railway-station, WeUingborou^h, and between 
Welhngborough and Finedon (Lower Leda beds) ; west of Welbngborough, and 
E. of the L. and N.W. Railway Station (Upper Leda Beds) ; Higham Feiiers 
(Lower Leda Beds) ; and Irthfingborough.f 

* Joum. Northampton Nat. Hist. Soc., toI. ir. p. 215. 

t H. J. Ennson, Quart. Joum. Geol. Soc., toI. xl. p. 4S4 ; and B. Thompson, 
Middle Lias of Northamptonshire, p. 45. 
X Fbper in Joum. Northamptonshire Nat. Hist Soc, toI. y. p. 62. 
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A well sunk at the Midland Station at Wellingborougli, reached 
the Marlstone Rock-bed at a depth of 150 feet. 

Mr. Thompson remarks that '* The Lower Leda-ovum beds are 
nearly on a level with the river Nen for a good many miles 
eastward of Northampton, showing that the dip of the beds, in a 
north-easterly direction, is about equal to the fall of the river.'' 

A short distance north-east of Thrapston, the Upper Lias is no 
longer visible, owing to coverings of Alluvium and River Gravel, 
but Prof. Judd states that it forms the bed of the Nen. It has 
been reached in deep wells, and he has observed it in places, nedr 
the Mill at Wadenhoe, at Oundle (where it was reached in a deep 
excavation by the side of the railway), at Cotterstock, and between 
Fotheringhay and Wansford.* 

Tl)e tract of country northwards by Great Brington, Cottes- 
brook, Thornby, Clipston, and Oxenden Migna, is largely covered 
by Drift, which rests on the Upper Lias clays, but the Basement- 
beds extend further west than is shown on the Geological Survey 
map, having been -exposed in railway-cuttings near Long Bucky, 
Crick, and Watford. 

I again make use of Mr. Thompson's observations in recording the fossili- 
ferous horizons. 

The Lower and Middle Leda-beds have been exposed in the railway (North- 
ampton to Rugby) north of Great Briugton ; and the Unfossiliferous Beda 
near Long Biickby, and again near Kelmarsh Station (Northampton and 
Market Harborough railway). 

Brickyards have been opened at Long Buckby (U. Leda-beds), north of 
Holdenby, at Spratton (L. Leda-beds), west of Creaton, north of Hazlebeech, 
Naseby, near Oxenden Magna, and Arthingworth (Unfossiliferous Beds).t 

Eastwards, the Upper Lias is covered by a large outlying mass 
of Lower Oolites extending from Northampton to Rothwell and 
Kettering ; a mass disconnected further east by the valley of the 
Ise, a tributary of the Nen. Beds with Leda ovtim have been 
worked in a brickyard north of Pitsford. 

The following section, to which I was conducted by Mr» 
Thompson, is shown at Moulton Brickyard : — 

Ft. In. 
Brown sandy soil, 
r Yellow and brown sands, with films or layers 
I of ironstone - - - - 9 

Northampton i Thin beds of ferruginous sandstone. 

Beds. I Ferruginous and c^careous sandstone (green- 
hearted) with rolled masses of argillaceous 
L limestone - - - - - 6 

^ Blue clay, sandy near top, with occasional 
Upper Lias "< septaria, and an Oyster-bed (limestone), 13 

I feet down - - - . - 15 

At the base of the Northampton Beds there are rolled masses of 
argillaceous limestone containing Ammonites hifrons^ derived from 
the Upper Lias, and bored. The Upper Lias yields Ammonites 
bifronsy A, eleganSy A. lythensis, A. lympharum, Belemnites 

* Geol. Rutland, p S6. 

t See also Areline and Howell, Geol. part of Leiceslershire, p. 6. 

{ Joorn. Northamptonshire Xat. Hist. Soc, rol. y. p. 66. 
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levidensis?, B, subaduncatus^ Gresslya donaciformis Trigonia 
northamptonensisj and other species previously mentioned from the 
Upper Leda-ovum Beds (p. 273). The species of Ostrea are 
identified by Mr. Thompson as O. sandalina and O, falciformis. 

The junction between the clay and overlying Northampton 
Beds, as noted by Mr. Thompson, is sharply defined^ and the two 
formations appear comformable. Nevertheless the presence of the 
rolled macises of limestone on top of the clay, is suggestive of some 
local break ; and if we regard the clay as belonging to the zone of 
A.jurensis as Mr. Thompson maintains, we must I think consider 
that the zone is only partially represented.* 

At Kettering brickyard we find the Upper Lias clay, yielding 
many fine crystals of selenite. The beds have yielded Ammonites 
bifronsy but represent the unfossiliferous type of the series. 

Several sections in the neighbourhood of Kettering are described 
by Mr. Thompson ; in brickyards on the road leading towards 
Geddington, and on the Barton road, where he has obtained many 
fossils indicating the Upper Leda-ovum beds. Similar beds 
have been opened up between Great Harrowden and Isham^ and 
the Unfossiliferous Beds have been worked at Orton, near 
Kothwell. 

A boring in the Upper Lias between Kettering and Weekley 
appears to have reached the Marlstone at a depth of 44 feet 

The Oxenden Magna tunnel, on the London and North- Western 
Railway, leading from Market Harborough to Blisworth, passed 
through the Upper Lias clay, which is here thickly covered witli 
Boulder Clay and other Drift. In the heaps of clay brought ont 
from this cutting numerous Upper Lias fossils were collected by 
Prof. Judd, including the following : — t 

Ammonites communis. 



Ammonites serpentinus. 
falcifer. 



Holandrei. 



Northamptonshire (continued), Rutlandshire, and 

Leicester shir e» 

Prof. Judd remarks that : '* The great mass of Upper Lias in 
this area, which stretches firom the north of Wymondham to 
south of Braybrook, and attains its greatest breadth between 
Tilton-on-the-Hill and Barrowden, is intersected by many 
winding valleys, which cut down deeply enough to expose the 
Middle Lias strata, sometimes foiming inliers in the midst of 
the Upper Lias. On the other hand, the higher portions of the 
Upper Lias are capped by the beds of the Inferior Oolite, 
which form outliers, often of great size, scattered over the 
district of the Upper Lias. The valleys which breach the 
great escarpment of the Inferior Oolite, namely those of the 
rivers Gwash, Chater, and Welland, and their numerous tribu- 
taries, are cut down to the level of the Upper Lias, but the 

♦ See also remarks by W. D. Crick, and J. F. Blake, Proc. Geol. Assoc., vol. xii. 
pp. 188, 189. 
t Judd, Qeol. Butland, p. 81. 
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bottoms of these yalleys being masked by superiicial detritus^ 
its beds are seldom exposed in them. 

'* A few small outliers of Upper Lias rising above the plateaux 
of the Morlstone Rock-bed also exist, as those of Great Bowden, 
Slawston, Staunton Mill, and Barleythorpe, and some of these 
arc capped by beds of Inferior Oolite. 

^* The Upper Lias abo forms a series of inliers in the midst of 
the Lower Oolite plateaux. Some of these form the bottoms of 
the yalleys of the rivers which cut through these strata, which, 
as we shall show, thin out rapidly to the eastward, so that the 
Upper Lias is reached at comparatively small depths. This is 
the case in the parts of the valleys of the Glen, the Wansford 
Brook, and the Welland. In other cases, as at Stanion, Corby, 
and Helpstone brick3rard, the Upper Lias is brought up by 
faults and exposed as inliers along the lines of certain small 
valleys."* 

Sections of the Basement-beds have been noticed by Prof. 
Judd, and the subdivisions appear to be persistent in the area 
The paper-shales and " Serpeiitinus Beds " have been noticed at 
Slawston Hill, between Hallaton and Keythorpe, at Barleythorpe 
near Oakham, and at Edmondthorpe. I have seen the paper- 
shales in a cutting north of Wymondham, on the Bourn and 
Saxby railway ; and a little further west about 1 2 feet of the 
shales, with a nodular band of Fish and Insect Limestone, were 
exposed. Crushed specimens of Ammonites serpentinus and 
A. communis occurred, but there was no evidence of the Transition 
Bed at the base of the Upper Lias, The beds rested on the 
Marlstone (see p. 238), and were covered in places by chalky 
Boulder Clay. 

At Great Bowden and Market Harborough there are two small 
outliers of Upper Lias. The only important sections here are in 
the Market Harborough brickyard, opposite to the railway-station, 
and in the adjoining railway-cutting. Here we have the following 
section described by Prof. Judd : — 

SoU 1ft. 

Boulder Clav • - - - 2 to 3 ft. 

rj «r j--«. r Laminated blue clay weathering to a 
Zone ot Amm.\ ^^^^^ ^j^^^ ^^ Ammonites com^ 

communis, |^ ^^^^^ ^^ Belemnites compressus 1 to 4 ft. seen. 

Hard, brown, ferruginous band of im* 

pure ironstone - - • 9 in. 
Softer and more sandy bed full of,— > 
Anmionites serpentinus. 
bifrons. 



S 



conmiunis. 
Holandrei. 



Basement Beds .^ — • nomnur«. 

f Belemnites compressus, and other 

fossils - - • - 9 in. 

Hard, very ferruginous bed • - 3 to 6 in. 

Light-blue, laminated ckys - - 3 to 4 ft. 

A thin vein of sandstone (very incon* 
stant) .... about 1 ft. 

(^Light-blue, laminated clays • • 5 ft. 

Middle Lias - • Marlstone Rock-bed. 



^ Judd, GeoL BotUmd, pp. SO, 81. 
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Here, as noticed by Prof. Judd, the Serpentinus-beds are ferru- 
ginous and much resemble the Marlstone, with which, in the 
absence of fossil-evidence, they might be confounded. At the 
Market Harborough brickyard, the *' Fish and Insect limestones " 
were not detect^. In the cutting just north of Market 
Harborough station, the Serpentinus-beds were well exposed, and 
were seen to be crowded with the usual fossils.* Pyrites was said 
to be plentiful in most of the wells at Great Bowden.f 

[Records of other sections in this neighbourhood are given by 
Prof. Judd. The Basement Beds of the Upper Lias were well 
exposed at Alexton, and a number of fossils were obtained. 
In the clays large masses of wood, converted into jet, are found. 
These, after being soaked in oil to prevent cracking, are used by 
the workmen and others for whetting razors. The limestone^ 
which is hard and fissile^ and of a blue colour weathering white, 
occurring sometimes in continuous bands and at other times in 
nodules, is carried to Tugb}', where it is burnt for lime. Prof. 
Judd remarks that the Serpentinus-bed, which in many places 
is ferruginous, is at Alexton only very slightly coloured with 
oxide of iron. 

Other sections showing the '^ Communis Beds " have been opened 
up near Neville Holt, where Prof. Judd obtained Pondonomya 
Bronni; also at Tugby brickyard, and in the railway-cuttings 
near Manton, and between Oakham and Ashwell. 

The Unfossiliferous clays, which contain ironstone -nodules 
(decomposed iron-pyrites), have been exposed in a brickyard at 
Great Easton, in the cuttings and tunnel at Morcot (together 
with higher beds), in brickyards west of Oakham, and on Moor 
Hill, north of Hallaton. On Moor Hill the thickness of these 
clays must be 60 or 60 feet. At West Lauud, near Tilton, there 
is a brickyard showing blue shaly clay, with many small nodules 
and selenite, apparently belonging to the Unfossiliferous division 
of the Upper Lias. 

More interest attaches to the Leda-ovum Beds. They have 
been exposed in the brickyard at Stanion, where there is an in- 
lier of Upper Lias ; in brickyards between Rockingham and 
Cotungham, and at Gretton. Inliers also occur at Pipwell Abbey, 
Corby, &c. 

A number of fossils are also recorded by Messrs. E, Wilson and 
W. D. Crick, from the grey clays in the East Norton railway- 
cutting ; these include Ammonites bifrons, A. communis, A* 
crassuSf Belemnites subtenuis, Nucula Hammeri, fccj 

At a brickyard and tilery by Seaton railway-station, about 
12 feet of grey or blue clay with small nodules of argillaceous 
limestone, covered by about 5 feet of brown Alluvial loam, were 
exposed: the clay yielded the following fossils some of which 



* Geol. Ratland, p. 87. 

t J. Woodward, Nat. Hiat. Fois. EnK., Part I., p. 181. 

t Qeol. Mag., 1889, p. S98. 
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were noted by Mr. ThompsoD;* and others, collected by myself, 
w ere identified by Messrs. Newton and Sbarman : — 



Ammonites bifrons. 
— communis. 

comucopise. 

heterophyllus. 

Holandrei. 

serpentinns. 



Belemnites compressns. 
Gasteropods. 
Leda ovum. 
Nucula Hammeri. 
Trigonia pulchella. 



Prof. Judd mentions that in Keythorpe Park, a pond, dug in 
the lower part of the Upper Lias Clays, exhibited the richly 
fossiliferous bands, crowded with small Ammonites^ &c,, which 
characterize that part of the series (see Fig. 69, p. 235). He 
collected there the following fossils : — t 



Ammonites communis. (Very 
abundant.) 

annulatus. (Very abundant.) 

• Holandrei. 



Ammonites bifrons. 
Belemnites compressus. 
Leda ovum. 
Inoceramus dubius. 



The clays^ and their junction with the N orthampton Sands, were 
shown in brickyards at Uppingham ; exposures were also to be 
seen in the railway-cuttings and brickyard near Manton. 

Pilton brickyard, situated south of the railway, S.W. of 
North Luffenharo, showed about 12 feet of blue clay overlaid by 
6 feet of brown clay. Ferruginous nodules and septaria occur, 
and iron-pyrites and large crystals of selenite abound. Belemnites 
are more abundant towards the top of the beds. Ammonites 
hifrons, Leda ovum, and other fossils occur in the clays and in 
npdules. 

The great Stamford and Helpstone fault also brings up the 
Upper Lias along the valley of the Wansford Brook, as pointed 
out by Prof. Judd. The beds were exponed at Thornhaugh, and 
a well was sunk there for upwards of 70 feet in blue clay 
without reaching the bottom of it. 

Prof. Judd states that at Helpstone brickyard, north-west of 
Peterborough, there was an interesting exposure of the Upper 
Lias clay in a small inlier, which has been produced in conse- 
quence of the removal by denudation of the upper part of a small 
anticlinal, into which the beds are here bent. The beds consist 
of blue pyritous clays with much selenite, and are the highest of 
the series ; they yield, — 



Ammonites bifrons. Abundant. 
serpentinus. Rare. 



Belemnites compressus. 
Leda ovum. 



At Stamford the Upper Lias clay forms the bed of the river ; 
in a deep excavation made at the gas-works Prof. Judd found 
Ammonites bifrons, Belemnites compressus, Leda ovum, &c. The 
same beds are met with in many wells in the southern part of 
Stamford, where the Stamford and Helpstone fault has thrown 
the Upper Lias clay to a much higher level. The Upper Lias 

* ThompsOD, Joom. Northamptonsh. Nat. Hist. See., vol. iv. p. 16. 
f Geo!. Rutland, pp. 88, 84. 
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clay is dug at Lumby's Terra Ootta Works. A boring here is 
said to have passed through 140 feet of Upper Lias, and to have 
been carried to a depth of 500 feet in an attempt to find coaL 
The ornamental water of Burleigh Park rests on the Upper 
Lias Clay.* 

Lincolnshire • 

. While in Rutlandshire and East Leicestershire the Upper Lias 
is exposed over a considerable area, extending to the neigbour- 
hood of Buckminster and Croxton Kerrial; northwards through 
Lincolnshire, the outcrop is narrower and more regular along the 
foot of the steep Oolitic escarpment. 

Its thickness was proved to be 176 feet in a boring at Ham- 
bleton, S.£. of Oakham ; and where sections have afforded 
evidence, the main divisions recognized further south have been 
followed. 

The Basement Beds have been exposed above the Marlstone at 
Scalford, where shales with flattened nodules (Fish and Insect 
limestones) have been observed, having a thickness of over 20 feet, 
in a brickyard. The usual fossils were obtained, such as Ammo- 
nites communis, A. serpentinuSy Inoceramus dubius, and Posido- 
nomya Bronni, The beds were also exposed in the railway- 
cuttihg east of Scalford. 

South of Grantham the Upper Lias extends a long distance 
along the base of the valley of the Witham river to North 
Witham, and follows its tributaries westwards, connecting with 
the main outcrop near Skillington, and thus isolating a large 
mass of the Lower Oolites. 

The Basement Beds were observed by Prof. Morris in excava- 
tions between Grantham and Little Ponton, by Mr. Dalton in 
the railway-cutting between Fulbeck and Leadenham, and by 
Mr. Ussher in a brickyard N.E. of Welboum. 

A brickyard south of Grantham railway-station, showed about 
40 feet of blue clay and shale with septaria and selenite ; with 
debris of sand and ironstone (Northampton Beds) on top. 

From this brickyard the following fossils were collected at 
different times by Messrs. R. Gibbs and J. Khodes : — f 



Ammonites annulatus. 

bifrons. 

communis. 

crassus. 

falcifer. 

fibulatus. 

heterophyllus. 



Ammonites serpentinus. 
Belemnitea. 
Nautilus. 

Inoceramus dubius. 
Leda ovum. 
Posidonomva Bronni. 
Discina reflexa, &c. 



The beds were also exposed in a brickyard near Stoke Boch< 
ford. 



* Judd, GeoL Rutland, p. S6. 

I Geol. S.W. Lincolnshire, pp. 44, ISO. 



UPPER LIAS: LINCOLN. 286 

The Upper Lias clay (Leda-ovum beds) was exposed in a 
brickyard at Stoneeby, east of Waltham-on-the- Wolds, where the 
section was noted as follows, by Mr. Jukes-Browne : — * 

Ft. In. 

Northampton Beds Red ferruginous sandstone • - - 12 

rPale grey micaceous clay with ferruginous 

Upper Lias • < concretions, passing down into dark blue 

L shaly clay with selenite and iron-pyntes - 19 

The same beds were cut through by the Great Northern 
railway south of Grantham, where they were described by Prof. 
Morris.t 

At Lincoln the Upper Lias is about 100 feet thick, and the 
beds no doubt extend underground throughout the eastern part 
of Lincolnshire. The deep boring at Woodhall Spa, reached the 
Lias at a depth of 640 feet^ according to Mr. Jukes-Browne's 
estimates.^ To what distance the Lias extends beneath the 
Fenland area, we have no evidence to show, but we know that 
it dies out to the south-east before we reach Harwich. Beneath 
the Oolites at Peterborough, upwards of 300 feet of Lias (chiefly 
clay) was proved in a boring at the Great Northern Railway 
works, New England. 

The Upper Lias is well shown in several brickyards in the 
escarpment north and south of Lincoln, and the beds have been 
studied in much detail by Mr. W. D. Carr and Mr. W. H. 
Dahon. 

The principal sections are those on the south, known as Best's 
Brickyard, or the Cross Cliff Brickworks, at Bracebridge ; and on 
the north, Swan's Brickyard or the West Cliff Brickworks. § A 
complete section of the Upper Lias, showing about 100 feet of 
strata, has been exposed at Best^s brickyard, and about 60 feet of 
the upper portion of the clays was shown at Swan's brickyard. 
In both cases the clays were surmounted by the Basement-beds of 
the Inferior Oolite^ which at Swan's pit comprised the following 
strata : — 

Ft. In. 

^ Limestone } Flaggy and comminuted shelly ooHte - 2 

Northampton \ Sandy beds and ironstone with small 
Beds. J scattered nodules^ and nodular bed at base 4 

The mass of the Upper Lias below, consisted of dark shaly 
clay, with rusty joints and ferruginous clays near the top, and at 
intervals lower down, there were layers of septaria and nodules 
of argillaceous limestone (cement-stone). Excepting in the 
higher beds, fossils are abundant^ and we have no indication of 
the Uufossiliferous zone of Northamptonshire. Specimens of 



♦ Geol. S.W. Lincolnshire, p. 44. 

t Quart. Joum. Geol. Soc, vol. ix. p. 324. 

t Geol. Lincoln, p. 208. 

§ In 1889 these brickyards together with those belonging to the Bracebridge 
Brick Co. and the Lincoln Brick Co., were amalgamated under thfl Lincoln Briek 
Co. 
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Ammonites hifronSy A, communis, A. ^bulatus, A, heterophyllus^ 
A. serpentinus, together with Belemnites subtenuiSy B, vulgaris^ 
and Nautilus terebratus, may be obtained in abundance. 

The Upper Lias was subdivided as follows by Mr. Dal ton : — • 

Ft. In. 

Zone of Ammo'f Shales with ferruginous and calcareous no- 
nites bifrons, \ dules (cement-stones) - about 38 

rShales with comminuted shells : yielding 
•7 « . Ammonites communis, Gasteropods, &c., 

Zone ot A. com^. ^^^ ^^^ ^^ ^^ ^ Nucula- or Trigonia- bed, 

'"""**• I with Nucula Hammeri and Trigonia puU 



Zone of A, $er 
pentinus and^ 
A. hetero- 
phyllus. 

Zone of J. annU'" 
latus. 



L ckella - - - r . 8 

^Shales with septaria and shellj beds yield- 
ing A, heierophyllua, A. serpentinuStBeUm* 
nites subtenuis; and with Lucina-bed at 
top - - - - 40 to 45 

Shales with two or three bands of argillaceous 
limestone (Fish and Insect Limestones) : 
Ammonites annulatus, A, communis, Inoce^ 
ramus dubius, - - about 8 



The lowest beds (here grouped as the zone of A. annulatus), 
are evidently equivalent to the Basement Beds of other localities; 
while the mass of the higher strata evidently belongs to the beds 
elsewhere groui)ed as the zone of A. communis. 

The highest division has yielded but few fossils^ and it cannot 
therefore be compared with the beds which Mr. Beeby Thompson 
has grouped in the zone of A.jurensis. The nodular bed at the 
base of the Inferior Oolite series, is suggestive of a breaks and 
compares well with the evidence we have throughout the country 
from the neighbourhood of Banbury northwards. Mr. Ussher 
indeed is disinclined to regard the junction as unconformable, but 
it appeal's most reasonable to conclude with Mr. J>alton, that there 
is evidence generally of transgressive overlap of the Inferior 
Oolite. 

The Basement Beds (clays and shaly limestones), were exposed 
in a brickyard north-east of Navenby station, and there Mr. 
Ussher procured a fragment of an Ammonite, identified as 
A. striatulusi by Messrs. Sharman and Newton. Such an 
occurrence accords with the evidence obtained in Dorsetshire.f 
(See p. 255.) The higher beds of Upper Lias clay were seen 
near Coleby. Northwards by Brattleby and HarpswellJ there 
are few exposures of Upper Lias; and onwards by Kirton 
Lindsey and Santon to Wmteringham, the evidence shows that 
the thickness is considerably diminished. 

A shaft sunk at Appleby indicates about 70 feet of Upper 
Lias, and perhaps a similar thickness was passed through at Brigg, 
but other borings tend to show that the thickness may be much 
less, and according to Mr. Ussher little over 25 feet in placesS : an 



♦ Geol. Lincoln, p. 33. See also W. D. Carr, Geol. Maf. 1883, p. 1«4. 

t Geol. Lincoln, p. ISO. 

X 8m Memoirs of W. Smith, p. 96. 

$ Unher, Geol. Lincoln, pp. 55, 56, 211. 
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attenuation not inc^onsistent with the view of the overlap of the 
Inferior Oolite series. 

From the railway-cutting north of Kirton Lindsey, Am- 
monites communis, A, semicelatus, and other fossils were obtained. 
The clays have been worked for brick-making near Kirton 
railway-station. In a well at Roxby Grange, dark grey shales 
with A, serpentinus, were found beneath the Basement-beds of the 
Inferior Oolite : here again the evidence suggests unconformable 
overlap of the newer beds. 

From this region we pass into Yorkshire, and the beds in that 
region are described by Mr. Fox-Strangways, 

It is possible (as mentioned p. 244) that traces of Upper Lias 
may be preserved at Frees in Shropshire, but nowhere else in 
England or Wales have we any reason to suspect the presence of 
the formation in outliers far away from the main outcrop. 
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CHAPTER XI. 
ECONOMIC GEOLOGY. 

Lime and Cement. 

The Lower Lias limcstODes have long been celebrated for their 
hydraulic cement and Blue Lias lime. 

Many of the layers or nodules of stone furnish naturally the 
ingredients required for " water-lime " or hydraulic cement^ and 
they are known as cement-stones or cement-beds : thus the pro- 
ducts are spoken of as Natural cements^ in distinction from the 
Artificial Portland cement, made often by mixing materials 
obtained from different strata and localities. 

Great part, however, of the cement made from the Lower Lias 
is produced by a mixture of a number of layers of stone and 
shale or clay ; a plan necessary on account of the limited quan- 
tities of the good cement-beds, and necessary also in order to 
ensure uniformity in the products. Not only are the layers 
different in character, but each individual layer is liable to varia- 
tion. Some of the best cement-beds are dark shaly limestones, 
others are nodular masses of argillaceous limestone. Layers that 
contain pyrites must be rejected. 

At the base of the Lower Lias generally throughout England, 
there are alternate bands of more or less argillaceous limestone 
and shale or clay, but the quality of the strata and the thickness 
of the beds adapted for the preparation of lime and cement, vary 
considerably. In some localities the limestone-bands are com- 
paratively few, in other cases we have a mass of limestones and 
shales attaining a thickness of 200 feet. Beds on different strati- 
graphical horizons are worked in different localities, thougU in all 
cases^ as regards the Lower Lias, they belong to the lower zones 
of Ammonites planorbis, A, angulatus^ and A. Bucklandi. 

So called *' Blue Lias Lime " is made from strata of Liferior 
Oolite age at Kirton Lindsey, and from other formations ; but in 
such cases the use of this name for trade-purposes is unfortunate, 
although the lime produced may be of first-rate quality. 

True Blue Lias lime and cement are prepared from material 
obtained at Aberthaw, Bridgend, Stormy Cement Works near 
Bridgend, Lliswerry, Wafchet, Dunball near Bridgwater, Lang- 
port, Lyme Regis, Pylle, Shepton Mallet, Weston near Bath, 
Wilmcole, Harbury, Stockton, Rugby, Barrow-on-Soar, Evington, 
Barnstone, Granby, Elton, Cotham, and Coddington ; and at 
some other localities mentioned previously. 

At several of these localities the lime has been long celebrated. 
J. Woodward, in 1729, speaks of Ammonites "Found in a 
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Quarry, the most famous in England, for Limestone ; it being 
very hard, and making excellent Lime, at Barrow in Leicester- 
shire."* 

Aberthaw, on the Glamorganshire coast, and Lyme Regis have 
been for long particularly favoured localities for hydraulic lime» as 
the material can be rea^y shipped in the raw state. At Aber- 
thaw the limestone was taken away in the form of large beaoh- 
pebbles, and burnt at the localities where the lime was wanted. 
Smeaton ascertained that the Lias lime made a harder mortar 
under water than any other lime with which he was acquainted. 
When he built the Eddystone Lighthouse he sent round the 
Land's End to Aberthaw for limestone, whereas, as De la Beche 
has remarked, he could have procured equally good material from 
Lyme Regis.t 

The character of the strata at the seveml localities has been 
already described, and it will be necessary here only to allude to 
the products. In some localities only lime is made, in others 
various kinds of hydraulic cement are also prepared. 



The 
and also 



lime obtained from the Lias is hydraulic in character : and it is stronger 
so darker in colour (owing to the clay and iron), Hum the " fat lime " 
obtained from purer limestones. Thus Lias lime b sometimes spoken of as 
'' firown Hme/' in distinction from the " White lime " or " Marble lime," 
made from the rich Carboniferous or Devonian limestones. Owing to its 
strong and binding character, the Lias lime is not, as a rule, adapted for 
agricultural purposes, though it is sometimes put on Light lands, the " Marble 
Imie " being used for heavy soils. 

lliere are, however, in some localities, layers of Blue, lias that contain a very 
large percentage of carbonate of lime, and that when calcined, famish a 
good agricultural lime. Grood hydraulic limestone should have not less than 
15 per cent, of day. 

Lime is made frt>m the limestone, which is burnt in masses as quarried, so 
that some of the coal-ash becomes commingled with it. 

The lime is supplied in the form of Lump Ume and Ground Ume. The 
Lump lime is used for mortar, beinf( mixed (under a mill) with ashes, sand, 
pounded tile, brick-rubble, &c. It is also used for stucco, being mixed with 
clean sharp sand, in the proportion of i best lime and f sand. • 

The Groimd lime, which nas already been ground in a mill, is used for con- 
crete foundations, and also for brick-work and stone-walling : it is especially 
valuable for reservoira and wat«r-work's, for docks and sea-walls, tunnels, &c. 
For concrete 1 portion of lime to 6 or 8 of gravel is generally used. 

If ground so as to facilitate the slaldng of every particle, and used imme- 
diately, the hydraulic limes produce a moi^ which becomes much harder and 
far more durable than that of the rich Hmes. Blue Lias lime is now veiy 
often specified by Architects and Engineera for use in Mortar, as well as in 
Concrete; because the Mortar made firom rich limes is not suited for damp 
situations, and when very dry it becomes friable. 

Lump lime is made sometimes from limestone oontaining a laiger percentage 
of lime than that used for the Ground lime; the latter is made from beds 
richer in alumina, and soluble silica. 

The Cement is prepared from the limestone and clay. The stone is broken, 
usuaUy by a stone-crusher, and around hj^ millstones. The powder is then 
mixed with clay, the prop<nrtions being weighed. The materials are mixed 
with water in mixing-boxes or pug-miOs. The wet masses are taken out in 
lumps, and sometimes roughly shaped into the form of bricks, and dried otrer 
a heated floor. The material is then put into the kiln ; and afterwards 



* Nat Hift. Fobs. Kngland, vol. i. p. 26 

t Report on the Geok^ of Cornwall, etc., p. jK)7. 
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crushed, ground in a mill, and passed through fine sieves. It is then ready to 
be put into barrels or sacks for delivery. 

in some instances "Portland cement" is manufSeustured from specially 
selected Lias stone ; and this is said to set more quickly than the ordinary 
Blue Lias cement. Particular varieties are also suppbed to the trade under the 
names of Roman, Bath, and Lias cements, some setting more rapidly than 
others, and possessing different degrees of tenacity. 

The essential constituents in cement are : — Lime 45 to 65 per cent., day 2(i 
to 30 per cent., and oxide of bon 3 to 14 per cent. In the preparation of the 
cement, it is necessarv in some cases to add a certain amount of oxide of iron, 
when the stone and shale are deficient in it. 

The hydraulic powers of the cement are dependent on the amount of 
soluble suica ; a double silicate of lime and alumina being formed during the 
preparation of the material. 

Selenitic cement is made in some places. This is formed from a mixture of 
calcined gypsum, sand, and hydrauhc lime. It> is used for mortar, plastering 
on lath-work, stucco and concrete.* 

Artificial Stone. 

The Blue Lias Cement is employed in the manufacture of 
some of the artificial paving-slabs^ sinks, and troughs. Thus 
chips of Mount Sorrel stone are embedded in " portland cement " 
and shaped in moulds. Afterwards^ when solidified^ they are 
steeped in a '' silica solution/' formed of silicate of soda^ and in 
this the slabs remain immersed for seven or eight weeka This is 
done at Barrow-on-Soar for the manufacture of Granolithic pave- 
ment. '' Victoria Stone " is similarly made from Groby rock. 
At Rugby, concrete is formed with cement and chips from stone- 
quarries, and feshioned into window-sills, coping-stones, paving- 
elabe, &c. The silica solution is of great service in filling up all 
the interstitial spaces in the concrete. 

Repshbnces to Tables of Analyses. 

A. Analysis by Mr. John Spiller (1870). Communicated by Mr. Wm. 

Porter. 

B. Analysis by Mr. Henry T. Jones, F.I.C. (1888). CommunicKted by Mr. 

Wra. Porter. 

C. Atialyais by Messrs, Holland and Phillips (1883). Communicated by 

Messrs. John Davies and Company. 

D. P. Analyses by Mr. W. Harr^ Stanger (1888). Communicated by 

Messrs. Greaves, Bull, and Lakui. 
£. Analysis by Mr. Charles Tookey (1858). 

F. Communicated by Messrs. Cbas. Nelson and Company. 

G. H. Communicated by Mr. C. Hall. 

I. Communicated by Messrs. John Ellis and Sons. 

J. Analysis by Mr. J. Bernard Dyer, F.C.S. 

K. R. Communicated by Mr. H. Parry. 

L. Analysis by Mr. H. Faga. Conmiunicated by the Somerset Lime and 

Cement Company. 
M. Analysis published by Mr. H. Reid. 
N. Analysis by Mr. H. rai\ja (1885). Communicated to Mr. A. Strahan, 

by Messrs. John Davies and Company. 
O. Analysis published by Mr. H. Reid, Manu&cture of Portland Cement, 

1877, p. 56 ; «ce also R. Phillips, Ann. Phil. ser. 2, vol. viii., 1824, 

p. 12 ; and A. Voelcker, Joum. Bath and W. of £ng. See, ser. 2, 

vol. vi., p. 228. 
P. Analysis pubhshed by Mr. H. Reid. 



* See also John Grant, Proc. Inst. C.E., vol. Izii. p. 9S ; imd Notes on Building 
Construction, Part III., ed. 8 (Uiviogtons), 1SS9, p. 145. 
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In addition to the names lust mentioned^ I am indebted to Messrs. John 
Board and Company, of DunoaU; to Mr. H. J. Harding, of the firm of 
Messrs. Greaves, Bull, and Lakin^ of Wihncote, Harbuij, and Stockton ; to 
Messrs. Haycraft and Company, of Lyme Regis ; and to Messrs. Charles 
Nelson and Company, of Stockton, near Rugby. 

Referring to his analysis of the Stockton lime, Mr. C. Tookey remarks that 
the hme had probably been exposed to the aur since burning, as shown by the 
amount of water ana carbonic acid. He says that the sulphuric acid may, in 
some limes and cements, result from the iron-pyrites in the coal used for burn- 
ing : but in this instance sulphuric add was found to be present in two examples 
of the limestone firom which the lime is produced. 

The Marlstone as well as the Lower Lias limestone^ is occa- 
sionally burnt for lime for agricultural purposes. 

At AlextoD, north-west of Rockingham, the basement-limestones 
of the Upper Lias are dug and sent to Tugby, where they are 
bunt^ and they make -an hydraulic lime said to be equal to that 
of Barrow-on-Soar.* 

Building Stones. 

The Lias nowhere yields any building-stones that have been 
extensively used far from the localities where such material can 
be quarri^. In the stone-districts the houses are usually con- 
structed of the Lias limestones^ and the older cottages have 
thatched roofs ; but over the greater part of the Lias area, bricks 
are the chief building-materials, and the towns like Gloucester, 
Evesham, Stratford-on-Avon, Northampton, Grantham and 
Lincoln, are constructed for the most part of brick, with red-tiled 
or slated roofs. 

The Lower Lias limestones are locally employed for building- 
purposes, but as a rule the stone is not very durable, and much of 
it shivers with the frost. *^ When taken from the sea-side, as 
near Lyme Begis, where it has become impregnated with saline 
water, it is notoriously bad."t The flues of houses built of Lias 
limestone are usually constructed of brick. 

The most durable stone in the Lower Lias is that of Sutton, 
near Bridgend in Glamorganshire. This is a pale granular and 
crystalline limestone, altogether different in texture &om the 
ordinary beds of the Lower Lias. It furnishes a freestone that is 
used for building, while the top beds are employed for walling. 
It was formerly used in the construction of some of the old 
Welsh castles, in Neath Abbey, &c. 

Beds somewhat similar to the Sutton Stone are quarried on the 
north side of Shepton Mallet. Again at Downside, near 
Wrington, there is a stone (referred to as Brockley Down Lime- 
stone) which presents some resemblances to the Doulting stone 
(Inferior Oolite), but by no means possesses so firm a texture. 
Analysis shows 4*8 per cent, of silica, j: 

* Jadd, Geol. Batlaod, p. 79. 
t De la Beche, Beport, p. 488. 

X See Analysis by T. Raasome and B. Cooper, Mem. Geol. Surrey, ?oL ii Part II. 
p. 687. 
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The tougher and more crystalline limestones of the Blue Lias, 
furnish the better building-stones ; the banded and fissile and 
more earthy limestones being unsuitable. 

The best paving-stones are obtained from the lower portions 
of the limestone-series, usually the zone of Ammonites planorbis ; 
for these strata as a rule are more evenly-bedded than the lime- 
stones at higher stnges. 

At Street near Glastonbury and at King Weston and Keinton 
Mandefield, good paving-stones (paviours) are obtained, slabs 12 
feet square and even larger are sometimes raised. Some of the 
beds at Eeinton have been tried for lithographic stone. Curb 
stones and building-blocks are also procured^ and slabs are 
employed for garden-fences, imparting however a dull aspect to 
the cottages, as may be seen at Street^ Queen Camel, Marston, 
and other villages. Troughs, steps, and tomb-stones are also 
shaped from particular layers of stone. (See p. 77.) 

Stone-walls are a common feature in the district of the Lias 
limestones, and the enclosures as a rule are smalL 

In the neighbourhood of Street, when the stone has been 
worked out, the quarries are filled in with the '^ rubbish " (shale 
and broken limestone), and the ground is then planted with 
apple-trees. In such sheltered and well-drained situations, 
orchards are found to flourish. 

Building-blocks have been obtained at Sahford and Keynsham, 
and the stone has been employed in some of the churches of the 
district, and in Great Western Railway works. Thus the railway- 
station at Keynsham is built of the Keynsham stone (Blue lias). 
Nevertheless, as remarked by Prof. Lloyd Morgan/' wherever 
Lias has been used, there will you find the abundant signs of 
decay."* 

In Worcestershire and Warwickshire the basement-beds of the 
Lower Lias yield good paving -stone, also stone that is employed 
for steps, and that has at times been polished for mantel-pieces, &c. 
Slabs from 1 to 8 inches thick, and 30 square feet in super- 
ficial area, are obtained. None of the beds afford any durable 
building-stone, as the rock exfoliates under the influence of the 
weather. 

Bluish-grey and buff* or pale-grey slabs are obtained at Wilm- 
cote : and these are useful for inside work in halls, &c., as the 
stone is smooth and even-grained. White house-paving-stone is 
obtained from a layer known as the " Whites," and when rubbed 
and cut into squares, it forms a very smooth floor : it has been 
used in the Houses of Parliament and in the New Law Courts. 

Rougher slabs, suitable for the floors of farmhouse kitchens and 
barns, have also been obtained in many localities : as at Hasler 
Hill near Evesham, Binton near Bidford, &c. 

It is stated that the Wilmcote Stone can be rubbed to a face 
sufficiently smooth to be used for lith^raphic purposes ; and, it 
was mentioned by Strickland that "Experiments, partij sue- 

* Proc. Bristol Nat. Soc, scr. 2, yol. v., p. »5. 
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eessful, have been made to apply the Hasler'stone to lithography. 
It is well adapted for the lithographic ink, but is not suited for 
crayons:'* 

Some of the Lower Lias limestones at Queei^ Camel, near 
Sparkford^ have yielded thin stone-tiles that were used for roofing ; 
and beds near Burlej Dam in Shropshire were at one time 
quarried for similar purposes. (See p. 181.) 

The Marlstone Rock-bed in Somersetshire is used for rough 
building-purposes^ but the beds as a rule are too thin in this region 
to be of much service except as road-metal. The development of 
rock-beds is indeed uncertain. Here and there in Gloucestershire, 
as at Stinchcombe and Dursley, the stone-beds are quarried for 
rou^h building-purposes (walls^ &a). The beds are also locally 
used for bmlding-stone in various parts of Northamptonshire and 
in Rutkndshire. 

The best of the Lias building-stones is that obtained from the 
Middle Lias of Edge Hill, kno.wn generally as the Hornton Stone. 
In this neighbourhood it is extensively quarried, and the green 
and brown varieties form a pleasing contrast in the buildings: the 
Catherine Wheel Inn, and the door-way of the Mechanics' 
Institute, at Banbury are good examples of the material. This 
stone was used in most of the old churches and buildings of the 
district, and when well-selected it has proved a fairly durable 
material. Much of the stone however does not appear fitted to 
withstand great weights, being apt to crack and thus to be more 
readily acted upon by the weather. As a rule the comer stones 
of the better class of buildings are formed of Oolitic freestone. 
Not only are blocks of the Hornton Stone obtained for building- 
purposes, but slabs are dressed for paving ; and stone-steps, sinks, 
and tomb-stones are made. 

Thin flaggy -beds in the Marlstone at Chacombe near Banbury 
have been employed as stone-tiles. A dark stone from Byfield 
(probably Marlstone), was formerly worked and cut into squares 
for paving halls.f 

It is noticeable that the best building-stone in the Marlstone 
occurs where the beds have no covering of Upper Lias clay. 

The fact that the brown weathered portions of the Marlstone 
are generally employed for building in preference to the green 
unweathered rock, has been commented upon by Mr. Beeby 
Thompson. It is true that the brown rock is more easily worked ; 
but the ^een rock not having undergone those chemical changes 
produced by atmospheric influences, he considers that the naturally 
seasoned rock is more likely to prove durable. t This is likewise 
the case with many of the Oolitic freestones. 

Local Names of Stane^beds. 

In most Lias quarries the limestone-bands have difierent names 
applied to them by the quarrymen. Most of these are given froni 

* Memoirs of H. E. Strickland, p. S4. 

t J. Morton, Nat. Hiit. Northamptonshire, 1705, pp. 108, 126. 

t. Middle Lias of Northamptonshire, p. 67. 
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the thickness, colour or uses of the bed, or from some other local 
peculiarity, as at Rugby where we find the Knotty Bock, Big 
Jumbler, Cat Heads, &c. Other local names in use at Lyme 
Begis, Street, &c., have been already noted. 

Dew Stone. — The term Dew or Jew Stone is most likely 
derived from the Celtic Dku or Dubh, meaning black. Thus the 
Clee Hill basalt is known as Dhu stone, and it is quite likely that 
the name has been used by quarrymen for dark-coloured rocks in 
various parts of the countir ; but it has to a great extent lost its 
original meaning, as the '' I)ew stone ^ in many places is a brown 
or buff limestone. 

Bastard Lias. — ^An inferior or decomposed stone. 

Burrs. — ^A term (meaning rough) that has been applied to Blue lias stone, used 
for building ; at Axmmster (Buckland« Trans. Geol. Soc., ser. 2, vol. i. 
p. 99) ; and to other rocks, in the Purbeck strata, &c. 

Clog (derived perhaps from ihe Celtic ck^ or clock, a stone) is applied to 
certain hard limestones of the Lower Lias, employed fbr building. 

Firestone, — AppUed to tough coarse-grained Lias lunestones that are some- 
times used *' for forming the arch-work of lime pits/' Axminster (Buck- 
land, op, cit.) At Lyme Regis, some of the Firestone-nodules have been 
shaped into fire-balls. 

Pendle. — Applied to shaly limestone at WUmcote ; the name is also used 
ior fissile beds in the Stonesfield Slate and Purbeck Beds. 

Sizes. — Applied to layers of Blue Lias limestone, in some cases to beds that 
are usenil for paving : the term usually has i^erence to the thickness of 
the beds. 



Road Metal. 

In former days it was usual to mend the roads, wherever 
possible, from material obtained in each parish. Consequently 
there were far more quarries in the strata dian is the case now-a- 
days, when materials are brought from a distance. (See p. 12.) 

The limestones of the Lower Lias, and the Marlstone, have 
yielded much road-metal, and the stone is still employed in many 
places. 

The Lower Lias limestone is not a good material, as it grinds 
readily to powder, forming in dry weather a thick white dust, 
and in wet weather sticky mud. Sandy and ferruginous limestones 
met with in Leicestershire and Lincolnshire have also been used 
for road-metal. 

The Marlstone in many places furnishes a more durable 
material, especially in the neighbourhood of Yeovil and nminster^ 
in Somerset. There the Bock-bed, sometimes little more than a 
foot in thickness, is much in demand : for it is a tough and 
durable stone. Near Dureley, in Gloucestershire, and in the 
Midland counties, the Marlstone (both ironstone, and earthy 
limestone) is also used, but chiefly now-a-days for mending the 
by-roads. 

Bands of calcareous sandstone or of shelly limestone in the 
lower part of the Middle Lias have also been used for road- 
metal. These lower beds have thus been worked at Overthorpe, 
near Warkwortb, and at Twyford lane^ near Adderbury. 



HABBLB : BBICK AND TILE CLAYS. 2^7 



Marble. 

Some of the denser limestones of the Lower Lias have been 
polished for local use as chimney-pieces, &c. In the> Moseum of 
I^ractical Geology there are polished specimens of Lias limestone 
from Badstock and Shepton Mallet. The stone is still occasionally 
polished at Street (see p. 8lX and it was formerly so used at 
Binton and Grafton in Warwickshire. 

Of ornamental stones the Marston Marble^ or Ammonite 
Marble of Marston Magna near Yeovil, is fiuniliar in Museums. 
As previously stated ^. 84), some large nodular masses of this 
limestone have been obtained, from which various small polished 
specimens, and slabs for tables have been prepared. The stone is 
now scarce, as no fresh material has been found for many years. 

Small masses of somewhat similar Ammonite Marble have been 
obtained from the neighbourhoods of Ilminster and Lyme Regis. 

The Banbury Marble, which occurs in the upper part of the 
Lower Lias, at Banbury, is a shellv limestone, that has locally 
been used to a email extent for cnimney-pieces. At Watford, 
N.E. of Daventry, a bed on a similar horizon, has been dug 
and polished for marble. (See also p. 167.) 



Miscellaneous uses of Fossils, 

Ammonites from the Lower Lias of Lyme Legis are cut and polished for 
sale. Some of the smaller specimens are mounted for brooches and other 
ornaments. Specimens from this locality are also sent to Whitby for sale. 

Among the curious uses to which fossils have been put, it may be mentioned 
that Grjrphites have in Scotland been valued as Amulets, ana to them have 
been attributed the virtues of curing pains in the joints.* 

In the parish of Awre, in Gloucestershire, the Gryphaa arcuata was used 
as a medicine for cattle; the fossils were beaten to a powder, which was 
mixed with whey, and the compound was then applied as a drench.f In the 
same county Belemnites were used to cure watery affections of the eyea of the 
horse ; in these cases the fossil was pulverized, and the powder was then 
blown into the eyes of the animal.| 



Brick and Tile Clays. 

The Lias Clays at various horizons are employed in the manu* 
facture of bricks, tiles^ and drain-pipes ; and also in some places 
for flower-pot8> chimney-pots, &c. 

The articles manufactured are mostly red, but occasionally red 
and yellow : the colour depending on the composition of the clay, 
and on the temperature to which the articles have been subjected* 

The clays are variable, and therefore experiment alone can 
determine their fitness in different districts for brick- or tile- 
mi^ng. The presence of much carbonaceous matter is calculated 
to discolour the bricks. A small amount of calcareous matter is 



* Pennant, Tonrto Hebrides, p. 233. 

t Bey. C. P. WUton, Qoart. Jonrn. Sci. Lit. and Arts, ser. 2, 1830, p. 69. 

X J. Woodward, Nat. Hist. Fossils, England, 1729, Part I., p. 109. 
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desirable ; as lime is said to diminish the contraction of the raw 
brick in dryings and it acts as a flux in burning, causing the 
grains of silica to fuse, and thus binding the particles of the 
brick together.* This calcareous matter must be in a finely 
divided state. 

Some of the clays are too calcareous, more especially those that 
alternate with the limestones in the basement portions of the 
Lower Lias. Thus at the Rugby quarries, the days and shales 
contain about 30 per cent, of C4irbonate of lime, and are therefore 
unsuitable for the manufacture of bricks ; but at Hill Moreton not 
far off the clays at a higher horizon, furnish a superior brick. In 
other cases shells and small calcareous nodules or ^'race/' the pre- 
sence of which would be apt to " blow " the bricks, render the 
clays unsuitable. Iron*pyrites again is objectionable, and must 
be removed from the clays. 

In many localities the Lower Lias clays, above the mass of tho 
stone-beds, are employed for brick-making and other purposes. 
Thus at Lyme Kegis, bricks, tiles and pipes are manu&ctured, 
and this is the case at intervals throughout the country to 
Lincolnshire. Some of the best bricks are made at Hill Moreton 
near Rugby. Their red colour is said to become brighter after 
use and exposure in buildings. They keep out damp, and are 
often recommended in specifications for facing. 

At Shepton Mallet remains of a Roman Potter's kiln were 
discovered in 1864,t and the material that had been used was 
probably the Lower Lias clay, which is used for brick-making in 
the neighbourhood. 

The Lower Lias clay is used in potteries at Cianham near 
Painswick (see p. 143), and at Loseby, E.N. B. of Leicester (see 
p. 170), and the Upper Lias clay was used at Fawler. Only the 
coarser kinds of earthenware are manufactured. 

Most of the Lower Lias days are stifE and calcareo-argillaceous 
or shaly ; there are seldom any loamy beds, such as are naturally 
adapted for brick-making. Milder or loamy earths are to be 
found in the lower part of the Middle Lias, and such beds are 
worked south of Allington near Bridport, near Ilminster and 
Glastonbury, at Stroud, Banbury and other places. 

In the Upper Lias the clays are usually stifi^, but in Dorsetshire 
and Somersetshire they are loamy in character. These milder 
beds are worked for brick-making near Bridport and at YeoviL 

The Upper Lias clays are most extensively worked for making 
bricks, tiles, and drain -pi pes, from the neighbourhood of Banbury, 
through Northamptonshire to Lincolnshire. 

• Near Northampton, " Cimolia " of a dark lead colour was for- 
merly used for making tobacco-pipes. { At the present brickyards 
near Eangsthorpe, red bricks and tiles are manufactured, includ- 



* Notes on Building Constniction, Part IlI.'(RivmgtonB), p. SO. 
t Rev. H. M. S<2.arth, Proc. Somerset Arch. 'and Nat. Hist. Soc., toL xiii. p. 1. 
t J. Woodward, Nat. Hist. Foss. England, Part L, 1729, p. 4. Cimolim is a term 
that has been applied to fuller's earth. 
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ing moulded, pressed and common bricksi pantiles, ridge-tiles, 
copings, flooring-, and oven-squares. 

In other places as at Seaton, building-, well-, and floor-bricks, 
roof-, ridge-, floor-, and drain-tiles, garden- and cbimney-pots 
are manufactured. 

Sands. 

The sandy beds of the lias^ with the exception of those belong- 
ing to the passage-beds (Midford Sands), are seldom employed 
for economic purposes. The Midford Sands will be referred to 
in the volume dealing with the Inferior Oolite. 

In the upper part of the Middle Lias in certain areas there are 
sands with hard concretionary masses of calcareous sandstone. 
These beds are well shown on the Dorsetshire coast, but as a rule 
the sands are more or lees loamy and calcareous, and are not 
adapted for any particular economic purposes. 

A micaceous sandy loam obtained at Thrupp (Thorpe), about 
2 miles iJ.E. of Davcntry, was used for moulds by the Bell- 
Founders.* This no doubt was Middle Lias. 



Phosphates, 

No phosphatic deposits of economic value are known to occur 
in the Liasfflic rocks of this country. 

True Coprolites are found occasionally in the Lower Lias. The 
name was given by Buckland,t in 1829, to nodules that represent 
the fossil faeces of Saurians and Fishes, many of which were 
obtained at Lyme Regis. 

Phosphatic nodules and phosphatized fossils occur in the Lower 
Lias near Radstock. A sample analyzed by W. W Stoddart, 
showed the following composition^: :— 
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Although the percentage of phosphate of lime is considerable, 
there are iqjurjgus ingredients in the silica, alumina, and carbonate 



• J. Woodward, Nat. Hiat. Foss. Bng., Part I., p. 9. 

t Proc. Geol. Soc., vol. i. pp. 97, 148 ; Trans. Geol. Soc., ser. 2, vol. iii. p. 828. 
These Coprolites were originaUy named ** Bezoar-stones," from their external re- 
semblance to the concretioni in the gall-bladder of the Bezoar-goat, once so celebrated 
in medicine. (See p. 70.) 

% E. B. Tawney, Proc. Bristol Nat. Soc, ser. 2, vol. i, p. 181. 
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of lime. Moreover the deposit is not sufficiently rich in phos* 
phatic nodules to be of commercial value. 

Small phosphatic nodules have been noticed in the higher beds 
of the Lower Lias near Banbury, in the lower part of the Middle 
Lias in Lincolnshire^ and in the Marlstone of Leicestershire. 

Lignite and Bituminous Shales, 

No beds of lignite of any economic importance occur in the 
Lias of the area under consideration. 

Small lenticular masses^ sometimes presenting the characters of 
jet^ have been found in the Lower Lias clays of Dorsetshire, 
Gloucestershire^ Leicestershire, and Shropshire : impure lignite 
occurs occasionally at all horizons in the Lias. Prof. Judd notes 
the occurrence of jet in the Upper Lias, and mentions that at 
Alexton, masses of it, after being soaked in oil to prevent cracldng» 
are used by the workmen for whetting razors. Lignite has also 
been found, in digging a weU, at Thorpe Mandeville. 

Its occurrence in the dark and sometimes bituminous shales of 
the Lias has led to fruitless trials for coal. (See p. 150.) 

Thus in the Lower Lias, borings have been made near Axminster,* near 
Chard,t (400 feet) ; near Badgworth ; at Glastonbury (shaft sunk near Greorge 
Inn^ in 1/92) ; at Bretfortont (shaft sunk 300 feet, about the year I83I) ; 
near Thrussington, N.E. of Leicester, at a place called Coal-pit Lees ; at 
Huckerby (P), between Pilham and WiUoughton, E.N.E. of Gainsborough ;S 
in sevenJ places between Whitchurch and Market Drayton (see p. 180) ; ana 
near Carlisle (p. 1 83). In the Middle and Lower Lias a Doring was made about 
the year 1833, near Billesdon Coplow, east of Leicester ; it was carried to a 
depth of 600 feet.|| A. boring was also made at Batheaston (p. 135). Borings 
have also been commenced in the Upper Lias at Neville Holt (luO feet), and 
near Stamford (500 feet).^ 

Other borings that penetrated the Lower Oolites, will be mentioned in the 
volume dealing with those formations. 

It has been stated that the paper-shales in the Upper Lias at Alderton 
Hill in Gloucestershire, are more or less bitminous, and "capable of 
distillation " ; no analvsis, however, has been made. Dr. Smithe informs me 
that the Upper Lias shales at Churchdown HiU are also bituminous, but the 
amount of material locally present would be too small to be of economic 
value.** 

Iron-ores. 

The Jurassic rocks furnish the greater part of the iron-ore 
raised in this country^ and of this the Lias yields a considerable 
portion. 

The occurrence of ore of economic value is locals and its concen- 
tration is evidently subsequent to the accumulation of the strata. 

* Conybeare and Phillips, Geol. Bng. and Wales, p. 264. 

f Dc la Beche, Report on Geol. Cornwall, &c., p. 515. ^ee also p. 74 of this 
Memoir. 

X Memoirs of H. E. Strickland, p. S8. 

§ Conybeare and Phillips, Geol. Eng. and Wales, p. 265. The spot referred to 
above as Huckerby, is /(iven as ** Thickerby seven miles east of Gainsborough." 

]| Ck>nybeare, Plul. Mag., ser. 3, vol iii. p. 112 ; Judd, Qeol. Rutland, p. 68. 

IT Judd, Ibid., pp. 104, 107. 

** F. Smithe and W. C. Lucy, Proc. Cotteswold Club, yoI. x. p. 204 and plate ; 
Smithe, Ibid.y vol. iii. p. 45. See also B. Thompson, Joum. Northampton Nat. 
Hl0t. Soc.y vol. iii. p. 185. 
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In the area under consideration we find workable ores in the 
Lower Lias of Linoolnshire, and in the Middle Lias of Oxford- 
shire. Northamptonshire^ Leicestershire and Lincolnshire. 

The ores are usually obtained by open works at spots where 
the beds come to the surface^ but in some cases the beds are 
worked in tunnels beneath a covering of other strata. In most 
cases the ore obtuned is that known as Brown Hsematite 
(hydrated peroxide of iron)^ and it consists mainly of those 
portions of the rock that have become weathered along the out- 
crop. The lowest beds exposed^ and those otherwise procured 
from a depths are usually grey or bluish grey, and they exhibit 
kernels of grey or green ironstone. 

In the grey unweathered rock^ the ore is mostly in the form of 
carbonate of iron, while the green portions are probably coloured 
by silicate of iron^ for, as Mr. A. B. Dick informs me^ there is not 
a sufiBcient amount of phosphoric acid to produce any effect on the 
tint. Speaking of the Cleveland ore, Mr. Dick says '^ The green 
colour of the ore seems to be due to a silicate contuning peroxide 
and protoxide of iron, but this could not be exactly determined 
because it was not found possible to dissolve out the carbonates 
without acting at the same time upon the silicate of iron.''* 

The peroxidation of the ores, as pointed out by Mr. J. D. 
Kendall, has caused a general diminution in the volume of the 
strata, to the extent of about 12 per cent This furnishes an 
explanation of the open joints and the increased porosity of the 
ore at the outcrop, at the same time the iron is as it were more 
concentrated«t Hence the weathered beds furnish the richer 
ironstone. 

The quality of the different layers of ironstone is exceedingly 
variable in all localities, some of the beds being much more 
calcareous than others, and the proportion of carbonate of lime is 
as a rule greater in the strata, and they are much harder, the 
further they are followed from the outcrop. Thus where the 
beds outcrop along a steep escarpment the ore is not so rich, and 
the expense of working It would be greater^ than in those areas 
where the beds occur over a wide belt at the surface. 

Particulars concerning the strata having been previously given, 
it will be necessary only to add a few notes on the characters and 
qualities of the beds of ironstone : further remarks on the structure 
and ori^n of the beds are deferred for publioation in the volume 
dealing with Oolitic ironstones. 

The iron-ore of Frodingham, in Lincolnshire, was recognized 
in 1859, and soon afterwards it was worked. 

The bed occurs in the Lower Lias (zone of Ammonites semi- 
costaius). Its maximum thickness is stated to be 30 feet, and 
owing to its slight dip (towards the east), combined with the level 
nature of the ground, its outcrop occupies a wide stretch of 
country. The average workable thickness of iron-ore is about 

* Iron Ores of Great Britain, Part I. p. 96. 

t Trans. N. of Eng. Inst, of Mining Bngineen, toI. zxzt. p. 147 : see also Iron 
Ores of Great Britain and Ireland, 1898. 
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12 feet^ for the quality of the beds is very yariable^ the bottom** 
layers of a grey or greenish colour being comparatively poor. 

About 2,000 tons of ironstone were raised in 1859, and the amount increased 
in 1874 to 360,352 tons; of late years the published statistics are merged 
with those of other Lincolnshire iron-works. (See Table, p. 306.)* 

The richer ore contains nearly 40 per cent, of metallic iron, 
and the poorer shelly bands about 12 per cent. The first furnace 
at Frodingham was erected in 1864.t 

The following notes on the Frodingham ironstone were written 
by Mr. J. J. H. Teall^ who examined the rock microscopically 
and chemically:— ^^ ^ . .:.. 

** The ironstone consists of oolitic grsdns of ferric oxide showing 
concentric structure; and of grains, which appear to be 
pseudomorphs in ferric oxide, of rolled organic fragmeitts. These 
occur in a matrix of caleite. 

''The replacement by iron-compounds (? carbonate) appears to 
have taken place before cementation. If not, why was. not the 
matrix also affected as it was in the case of the Cleyeliind.oie ? 

'' The residue comprises siliceous balls, quartz, aud flakes of white 
mica." ... V'. 

In reference to these notes, it may be interestii^ to quote the 
remai*ks of Mr, Allan B, Dick, on the Cleveland Ore. He says 
'' Throughout the ore are diffiised irregularly a multitilde of small 
oolitic concretions, together with pieces of an earthy rabstance 
resembling the ore but lighter in colour. When/a ttalBof this 
ore is digested in hydroohlorio acid till all carbonates and soluble 
silicates are dissolved, there remains a residue having the 4Mt of 
the original mass of ore. It is extremely light, and fiUIs to ponder 
unless very carefully handled. It contains the ooHtvo concretions^ 
or else skeletons of them, which dissolve completed- i&^^tRe'' 
caustic potash, showing diem to be silica in a sclallle^Mhit^/ 
Under the microscope some of them are seen to haVe a cefitWl- ' 
nucleus of dark colour and irregular sliape, but licWl^'th^ifir^ 
present any indication of organic structure or radiated tikTBtHfiifcll-'^^ 
tion/'t '^•l-' '•^'^ ^v' 

Ironstone-nodules occur in the top beds of the Lowtf ^Eliife, 
and in the lower beds of the Middle Lias, more especially- !n^ 
Gloucestershire. ■' ' *^i4 / 

The Bev. P. B. Brodie mentions that ironstone was formerly 
worked at Bobin's Wood Hill, near Gloucester. § It seems that the 
forging of iron was once carried on here to a considerable extent 
The ore was dug out of the hill, and the works were probably 
continued as long as a sufficient supply of wood could be fobnd 
in the neighboiu-hood.| 



* J. D. Kendall, Trans. N. of £ng. Inst of Mining Engineers, vol. xzzv. p. 22. 

tUssher, Geol. N. Lincolnshire, p. 22. 

t Iron Ores of Great Britain, Part I., p. 95. 

§ Qnart. Joum. Geol. Soc., vol. ix. p. 31. 

II Q. A. WUIiams, New Guide to Cheltenham, p. 187. 
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Layers and globular concretions of ironstone were found by 
Mr. G. E. Gavey about the junction of the Lower and Middle Lias 
at Mickleton Tunnel^ near Chipping Campden ; and similar beds 
have been noticed to the north of Dumbleton Hill, and at Hewlets 
Hill, Charlton Elings and Leckhampton, near Cheltenham. 

These layers cannot be considered to be of economic value. 
They occur at the base of the partially pervious loamy clays of the 
Middle Lias^ and may be due to the waters that have percolated 
from the upper ferruginous beds of the Middle Lias. 

It is at the summit of the Middle Lias^ in the Marlstone or 
Bock Betl, that we find the most valuable beds of iron-ore in 
certain localities^ near Woodstock and Banbury, and between 
Market Harborough and Lincoln. 

Nowhere in Dorsetshire and Somersetshire does the Middle 
Lias yield any important layers of ironstone, though here and there 
a thin layer may be found to yield a good per-centage of iron-ore, 
and the stone as a rule is an iron-shot earthy limestone. 

Thus at Ilminster, the Marlstone was found on analysis to 
yield the following ingredients : — 

Carbonate of iron - - - 36 * 53 
Carbonate of lime (with traces of carbo- 
nates of magnesia, manganese, &c.) • 30 * 14 
Sand and clay .... 33*33 

10000 

The total quantity of iron present here amounts to 15 or 16 per cent. 

Another thin band of ironstone (If^ 8ins^ was noticed by 
Charles Moore in the Middle Lias at Upton Cheney near Bath. . 
In this case analysis showed an average of 24 per cent, of metidlic 
iron in the rock. 

Beneath the Marlstone near Stinchcombe^ there are ferruginous 
beds. There^ shafts have been sunk, but without a profitable 
result, the average yield of metallic iron being about 17 per cent* 

Where the Marlsione futiushes a valuable ironstone it is often 
interbedded with fossiliferous layers ('^jacks'') crowded with 
Rhynchonella tetrahedra and with TerebratuUz punctata. In 
many cases the fossils are filled with cole-spar, but in other 
cases the shell has been dissolved away and only casts in ironstone 
remain. 

At Fawler, Adderbury, and (recently) at Hook Norton in 
Oxfordshire, and at King's Sutton in Northamptonshire, iron-ores 
have been obtained from the Middle Lias. 

The iron-stone at Fawler near Stonesfield was discovered in 
1859. It is usually spoken of as the Blenheim iron-ore, being 
situated not for distant from Blenheim Park, Woodstock, 

Prof. Hull remarks that " The appearance of the rock at the 
surface indicates its strongly ferruginous nature, but at some 
depth, where it has been protected from atmospheric influences, 
the ore is found to be of a deep green colour, and under the 



Moore, Proc. Somerset Arch, and Kst. HiBt. Soc., vol. ziii. pp. 129, 147, 15it. 
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lens beautifully oolitic."*^ The working of the ironstone was 
discontinued in 1887. 

Attempts were made as early as 1859 to introduce the Marl- 
stone of Adderbury and Kings Sutton as as iron-ore, but not till 
about ten years later did the attempts meet with success, when 
extensive excavations were made. Since then the iron-ore has 
been worked intermittently. 

Prof. Phillips 'remarked that, where most productive, the beds 
at Adderbury yield about 30,000 tons to the acre. The poorer 
stone which contains much carbonate of lime, was found useful 
in the furnaces as limestoncf 

Analysis of the samples of the better stone from Adderbury, 
gives from 18 to 24 per cent, of iron. The Kings Sutton stone 
is richer in iron, drSerent samples according to Mr. Beesley, 
giving 18*7, 25-5, and 34 per cent, of iron; but the richer ores 
are sandy. About 1,000 tons were weekly sent from these two 
places.^ 

The ore has been obtained by open working, and since 1882, 
also by mining. It is a hydrated peroxide of iron, partly yellow 
and partly brown, the former being '^ oolitic " while the brown is 
not. Mr. J. D. Kendall states : ^' There is almost a complete 
absence of grey or greenish cores in the upper 8 feet of the 
bed, but they are abundant in the lower part, and some of 
them are very large, for which reason this part of the bed is not 
worked." § 

The quantiir obtained at Fawler from 1859 to 1866, varied from 1,552 tons 
(in 1866) to 5,600 tons Cm 1861). That obtained from Adderbury in 1859 was 
3,410 tons, and in 1860 1,250 tons ; from 1869 to 1881 the qimntitv varied 
from 1,233 tons (in 1879) to 56,536 tons (m 1872). 

Ironstone has been opened up at Steeple Aston^ north-east of 
Woodstock ; and Mr. Howell has remarked that in the neigh- 
bourhood of Swalcliffe the Marlstone has been found to be a good 
ironstone from 6 to 9 feet thick, and that it may posdbly be 
found worth working when the country to the west of Banbury 
is more opened up by railway. | This anticipation has been 
realized, for recently the Marlstone has been worked for iron- 
ore at Hook Norton, to the east of the railway-station* 

North-east of Kings Sutton there appears to be no workable 
ironstone in Northamptonshire; the average thickness of the 
Marlstone Bock-bed is about 6 feet, and the rock is only service- 
able for local building-purposes or road-metal. 

A large amount of iron-ore has during the past 25 years been 
obtained from the Middle Lias of Leicestershire and Lincolnshire. 
The ore both in Leicester and in Butland was worked in ancient 
times^ for old slags have been met with here and there. 



♦ Geol. Woodstock, p. 11. 

t Qeol. Oxfoid, &c^ p. 496. See also T. Beesley, Proc. Warwickshire Field Clubt 
1S72, pp. 17-19 ; Proc. Geol. Assoc., vol. iii. p. 198. 
1 Beesley, <m. eit, p. 19. 

I Kendall, Trans. N. Eng. Inst. Mining JIngineers, toI. xxxv. pp. 128, 184. 

II Green, Geol. Banbury, p. 6. 
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Fawler, — Analysis by Dr. J. Percy, of average sample. HuU^ Geol. Wood- 
stock, p. VJ; see also J. D. Kendall, Trans. N. of £ng. Inst. Mininii^ 
Engineers, vol. xxxv. pp. 123, 124. 

Adderbury. — E. Wilson, The Lias Marlstone of Leicestershire, (Midland 
Naturalist, vol. viii. reprint), p. 18. 

Eastwell. — Analysis given by E. Wilson, op\ cit, 

IVoohthorpe. — Analysis by G. F. Downar; Jukes-Browne, Geo!. S.W. 
Lincolnshire, p. 120. 

Holwell. — Analysis given by J. D. Kendall, op, cit, p. 122; see also Jukes- 
Browne, Geol. S.W., Lincolnshure, p. 120; and Wilson, op, cU. 

Eaton, — Analysis furnished by T. Daglish ; Jukes-Browne, Grcol. S.W. 
Lincolnshire, p. 120. 

Caythorpe. — Analysis given by J. D. Kendall, op, cit. p. 120; see also Jukes- 
Browne, Geol. S.W. Lincolnshire, p. 120. 

Frodingham, — Analysis given by Messrs. Daglish and Howse, Trans. N. of 
Eng. Inst. Mining Engineers, vol. xxiv. p. 23; Ussher, Geol. N. Lincoln- 
shire, p. 22; Kendall, op, cit, pp. Ill, 112. 

In 1881 two furnaces were erected at Asfordby, near Melton Mowbray ; but 
much of the iron-ore obtained in the district is sent away to be smelted. 

Mr. E. Wilson has calculated that where the available thickness of workable 
ore is 6 feet, the yield would be about 12,000 tons of ore, and 4,000 tons of 
metallic iron per acre.* 

The Middle Lias ironstODe has been worked at Tilton-on-the- 
Hill, Holwell, Wartnaby, Long Clawson, Eastwell^ Statliem, 
Eaton, and Harston, in Leicestershire ; at Woolsihorpe and 
Denton, south-west of Grantham, and at Caythorpe and Leaden- 
luim, between Qranthani and Lhicoln. In structure the rock is 
more or less oolitic ; but some specimens show only crgaiiic 
fragments that have been replaced by iron-ore. 

Table showing the Production op Iron-Orb during the past 

TEN years. 







No. of 




Tons of 


Average 


Value of 


Districts. 




Blast 


In Blast. 


Brown 


Per-centage 


the Ore at 






Furnaces. 




Ileematite. 


of Iron. 


the Works. 


LiucolDshire - 


1882 


21 


17 


1,190,564 


30-00 


172,708 




1883 


20 


m 


1,006,219 


3000 


135,051 




1884 


21 


16 


1,260,470 


30-00 


150,592 




1885 


21 


14i 


1,107,003 


30-00 


134,793 




1886 


21 


13 


1,118,534 


30-00 


138,642 




1887 


21 


13i 


1,227,882 


30 00 


139,407 




1888 


21 


14 


1,300,914 


30-00 


146,353 




1889 


21 


17J 


1,462,408 


33-00 


182,801 




1890 


21 


I2I 
12t 


981,400 


33-00 


122,675 




1891 


21 


1,138,092 


33-00 


149,142 




1892 


21 


13 


1,855,107 


33 00 


169.388 


Leicestershire - 


1882 


— 


— 


267,802 


34-50 


33,475 




1883 


2 


2 


294,825 


34-00 


37,100 




1884 


2 


2 


261,837 


3400 


32,728 




1885 


2 


2 


310,529 


34 00 


38,815 




1886 


3 


2 


390,687 


34-00 


48,836 




1887 


3 


2 


372,773 


3400 


46,59S 




1888 


3 


3 


535,831 


34 00 


60,281 




1889 


3 


3 


582,858 


34-00 


58,28d 




1890 


3 


3 


609,964 


34*00 


60,996 




1891 


3 


3 


646,125 


34-00 


7»,689 




1892 


4 


3 


680,985 


34-00 


70,936 



* £. Wilson, The Liai 
Naf.> Yol. riii.). See also 



Marlstone of Leicestershire, Svo. Birmingham (Midland 
J. D. Kendall, op, cit,, pp. 119, 121. 
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The statistics for Lincolnshire include works now, or formerly in operation, 
and known as the Applehy, Cavthorpe, Claxby, Crosby, FrodiDghani, Glebe, 
Midland, Greetwell, Gunhouse, Normanby, Trent, Warren, and Woolsthorpe 
woiks. Thev include therefore, the iron-ores obtained irom the Neocomian 
Beds, and the Northampton Sands (Dogger), as well as from the Lower and 
Middle Lias. 

The statistics for Leicestershire include the works at Eastwell, Eaton, 
Harston, Holwell, Waltham, and Wamatby ; and they include iron-ores from 
the Northampton Sands and Middle Lias. 

[See Mineral Statistics of the United Kingdom, prepared by Her Majesty's 
Inspectors of Mines.] 

Ochre, 

Ochre has from time to time been worked near East Harptree. 
It wa8 obtained From the ferrugiooiia arenaceous and cberty beds 
of the Lower lias and BhsQtio bed». The material was found in 
seams between the layers of stone^ and in pockets associated with 
the cherty beds ; and more profusely in clayey beds that underlie 
the main mass of stone, as well as from the Dolomitic Conglo- 
merate. (See p. 124.) De la Beche has thus referred to the 
beds. '^ The upper or arenaceous beds have been so impregnated 
with silica> that a kind of arenaceous chert is the result^ some of 
the cementing matter being so highly charged with peroxide of 
iron, that upon decomposition of part of the rock, excellent yellow 
ochre is obtained by the ordinary washing and depositing pro- 
cesses."* 

Near the railway station at King's Sutton, there were (in 1887) works 
belonging to the ** Anti-oxide and Colour Company," where pigments were 
maniffactured. Material had been used from Adderbury, but the ochre from 
the Middle Lias proved to be too siliceous, and the ingredients were then 
obtained from the neighbourhood of Manchester. 

Miscellaneous Minerals, 

Of various minerals, some occur in a detrital form in the rocks, 
while others are due to chemical changes in the mass of the 
strata, or they occur in joints and crevices of the rock from the 
infiltration of waters holding various substances in solution. 

But little is at present known with re^rd to the minor mineral 
ingredients of the Liassic rocks. Miea is present in most of them. 
Galena has been found in small quantities in the Sutton Stone 
(Lower Lias^ of Glamorganshire), where it is mostly in a detrital 
condition, being derived from the Carboniferous Limestone. Blende 
has also been noticed. (See pp. 98 and 102.) 

Manganese-ore has been detected in small ^uaatities in the Lias of Frocester 
and Ilminster, and in the form of Rhodonite, it has been recorded from the 
Middle Lias of Churchdown and Gretton.t Belemnites also occasionally 
contain traces of this ore in their coxnposition.;]; 

Specular Iron has been noted by Prof. Judd, in nodules of ironstone from 
the Middle Lias. Of other iron-ores Earthy Carbonates of iron, Lwnonite, 
and occasionally red Hamatite are found : but the more extensive beds of 
ironstone have already been mentioned. 

♦ Mem. Geol. Survey, vol. i. p. 977. 

t F. Smithe, Proc. Cotteswold Club. vol. viii. p. 33. 

J J. S. Miller, Trans. Geol. Soc, ser. 2, vol. ii. p. 46. 

U 2 
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Iron Pyrites 9Jid Marcasite (Rhombic Iron Pyrites) are found more eapeciallr 
in the Lias shales. They are most abundant m the shales of the Lower Lias. 
At Black Yen, near Lyme Regis, there is a *' Metal Bed/' and material derived 
from this and other layers, was formerly collected during the winter months, for 
the preparation of copperas (sulphate of iron), sulphuric acid, and sulphur. 
Examples of Marcasite from Lyme Regis are sold to visitors as " Angel's 
Wings." 

In the year 1 755, spontaneous combustion occurred in the bituminous shales 
of the Lower Lias at Gharmouth.* This took place among fallen masses of 
the strata, owing to the decomposition of pyrites. In 1890, similar combus- 
tion took place further east, and in the *' Daily Graphic " of Feb. I9th, there 
appeared a picture of the " eruption " of Golden Cap. 

Selenite occurs in the Lias clays, but most abundantly in the Upper Lias 
in Northamptonshire and Leicestershire. 

Calcite is found plentifully on the joint-faces of the limestones^ in crex-ices 
of the rocks, and lining the interiors of MoUusca aud other fossils. Nail-head 
ppar, a peculiar form of crystalline carbonate of lime, is met with in the 
Upper Lias of Northamptonshire. This form presents the ** cone-in-cone ** 
structure ; the siurfaces of the cones being fretted with irregular crystalline 
coats, due perhaps to a kind of " concretionary crystaIliaation."t Seams of 
fibrous carbonate of lime, known as ** Beef," also occur in the Lias clays. 
(See p. 277.) Small concretions of the same substance, are known as " Bace " ; 
and this often has a septarian structure. 

Barytes {Heavy Spar) occurs in the Cherty Lias of Harptree; and it has 
been recorded from the Lower Lias near Gloucester.^ (See p. 98.) 

Quarts crystals and Chalcedony occur in the Lower Lias of Glamorgan- 
shire, and in the Cherty Lias of Harptree. 

* Buckland and De la Beche, Trans. Geol. Soc., ser. 2, vol. iv. p. 28. 
t See also G. A. J. Cole, Mineralogical Mag., vol. x. p. 136. 
{ Conybeare and Phillips, Geol. England and Wale^, p. 265. 
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CHAPTER XII. 

ECONOMIC GEOluOGY— (continued). 

Agbioulture, Springs, and Water Supply, 

Physical Features, 

The physical features being dependent on the nature and 
inchnation of the rocks, we find the more prominent ridges or 
escarpments formed by the Lower Lias Limestones and by the 
Marl stone. 

The Lias in Dorsetshire is more or less masked by coverings 
of Cretaceous rocks, but further north the Lower Lias forms 
a larked escarpment near Curry Kivell on the borders of the 
Vale of Taunton, and again in the Polden Hills. These are per- 
haps the most conspicuous features in the entire area, formed by 
the Lower Lias ; minor escarpments are formed in North Glou- 
cestershire, Worcestershire, and Warwickshire. The more 
elevated tracts found in other places, as on the Leicestershire 
Wolds, are largely formed of Glacial Drift. 

The Marlstone and underlying sandv beds, form a marked 
escarpment between Ilminster and Yeovil, but onwards along the 
main Oolite escarpment, the Middle Lias is nowhere very promi- 
nent, except near Dursley and Stinchcombe, where it forms a 
platform beneath the main escarpment of the Cotteswold Hills. 

It reaches its highest elevation in the fine scarp of Edge Hill 
(710 feet), and in Northamptonshire and Leicestershire it stands 
out more or less prominently, rising to a height of 755 feet at 
Tilton-on-the-Hill, and forming a conspicuous Ull in the Yale of 
Belvoir, crowned by Belvoir Castle. 

The main mass of Lias Clays, comprising the higher portions 
of the Lower Lias and the lower portions of the Middle Lias, 
forms a succession of vales. These include the vales of Marsh- 
wood, in Dorsetshire ; of Ilchester and Sedgemoor (in part), in 
Somersetshire ; of Glamorgan ; of Berkeley, Gloucester, Chelten- 
ham, Winchcomb, and Moreton, in Gloucestershire ; of Evesham, 
in Worcestershire and Gloucestershire ; of Shipston and of the 
^' Red Horse," in Warwickshire ; and of Catmos, Mowbray, and 
Belvoir, in Rutlandshire, Leicestershire, and Nottinghamshire. 

Further remarks on the character of the scenery and the causes 
influencing it, are reserved for a subsequent volume dealing with 
the Oolitic rocks. 

Drift Deposits. 

In the south-western counties the Liassic rocks are compara- 
tively free from Drift, and it is not until we pass to the north and 
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north-east of Oxford, beyond Chipping Campden and Banbury, 
that the strata are much obscured. Thence through the counties 
of Warwick, Northampton, Rutland, Leicester, and Lincoln, the 
beds are largely concealed beneath coverings of Boulder Clay, 
Sand, and Gravel. 

The superficial accumulations that overlie the Lias in the 
flouth-western counties, are confined mainly to valley-gravels, such 
as border the river Char in Dorsetshire and the Axe in Devon- 
shire. 'Scattered gravels occur also in the Vale of Ilchester,in the 
Brue valley near Castle Gary, along the Avon valley near Bath 
and Keyusham, and the Severn valley near Stroud and Gloucester. 
Further north there occur not only valley-gravels bordering the 
rivers, but, as before mentioned, extensive beds;^of Glacial Drift. 

Beds of rolled oolite-gravel, and coarser accumulations with 
large blocks of Jurassic rocks and Cretaceous materials, occur 
bere and there in the Vale of Moreton, near Bourton-on-the- 
Water, Aston Magna, and Mickleton. In this neighbourhood 
we have renuiants of valley-gravel and the most southerly traces 
of Glacial Drift, some of the accumulations noted having a 
thickness of 70 feet or more.* The beds, however, have not at 
present been mapped in detail. 

Strickland pointed out that the Vale of Shipston (Shipston-on • 
Stour) probably marked the western limit of the '* Flinty Drift '^ 
(by which term he included the Boulder Clay or Northern 
Drift).t In the Vale of Evesham and bordering tracts we find 
the Lower Lias curiously disturbed in places at the sorfiice, the 
limestones and clays bein^ nipped up in a series of sharp folds. 
Such features were exhioited at Croome D'Abitot and South 
Littleton. (See Fig. 61, p. 146.) 

At Honeybourne the Tjower Lias clay is contorted in places, 
and this we find to be the case here and there as we trace the 
Liassic beds onwards to Lincolnshire. Near Blisworth in North- 
amptonshire the Upper Lias clay is remarkably contorted beneath 
the Boulder Clay. (See Fig. 89, p. 277.) 

Near Rugby the superficial deposits include extensive beds of 
sand and gravel, 70 to 90 feet thick in places, with also Boulder 
Clay. Over large tracts there is a ihin covering of sandy and 
loamy soil with quartzite pebbles; while near Church Lavefbrd 
and at other localities there are Pleistocene valley gravels.:^ 

In Leicestershire there are beds of Drift sand and gravel; and 
Boulder Clay, that attain in places a thickness of 200 feet{ 
Further north, in Lincolnshire there are various Drift deposits, 
and these have been described in the several Geological Survey 
Memoirs on that area. 



♦ G. E. Gavey, Quart. Journ. Geol. Soc., vol. ix. p. 29 ; \V. C. Lucy, Proc. 
Cotteswold Club, vol. v. p. 71, and vol. vii. p. 50. 
Memoirs of H. £. Strickland, p. 90. 
^Explanation of Horizontal Section, sheet 140, p. 11. 
Jadd, Geol. Rutland, p. 141 ; Deeley, Quart. Joum. Geol. Soc., vol. xlii. p. 48 
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Soils, 



The Liassic areas are almost entirely under cultivation: the 
tracts formed of the stone-beds being mostly under tillage^ and 
those formed of clay being mostly grass^lands; 

The Lower Lias limestones furnish a brown loamy and brashy 
soil of variable depth and porosity, on which crops of corn and 
roots are grown. In Glamorganshire some of the limestone-tracts 
afiord pasturage for sheQp, but much of the Lias country there 
yields wheat of fine quality, also beans, oats, barley, and turnips, 
while samphire grows luxuriantly on the borders of the grey 
Lias cliffs.* 

The soil on the Middle Lias in the south of England is a rich 
brown friable loamy and clayey soil, and the districts covered by it 
are almost entirely agrioultural. The land is marked <. by small 
enclosures, as in the Vale of Marshwood and near Bridport, where 
roots, corn, beans, grasses and vegetables are cultivated. The 
more sandy areas are marked by the occurrence of the brake -fern 
and by fir-trees, but in most tracts oak and ash grow well in the 
hedgerows, and there are many fine elms as. well as beeches. • 
Some of the hedge-rows in Dorsetshire, and again in Oxfordshire 
are very luxuriant, while the deep sandy lanes, or *' hollow ways," 
excavated in the soft beds, as between Colmers Hill and Leaz-*> 
acre near Bridport, and at other localities in Dorsetshirq are very 
picturesque. 

In Dorsetshire and South Somersetshire the Marlstone iu many 
places is very thin, and it decomposes into a brown ferruginous 
loamy soil ; but where the rock is thicker there is a good deal of 
rich arable land, as near Ilminster and South Petherton. 

The red ferruginous soils on the ironstone-rocks of the Middle 
Lias of Oxfordshire, Northamptonshire, Leicestershire, Rutland- 
shire and Lincolnshire, are as* a rule highly productive. The soil 
is often a deep sandy loain, which " works well," although apt to 
harden and crack in summer. Rutland indeed owes its name to 
the •' red land " which extends over much of the vale of Catmos, 
but part of it is due to the ferruginous beds of the Northampton 
Sands. Cora and roots are grown. The richness of some ot the 
red lands is attributed by Mr. .B. Thompson to the presence of 
phosphoric acid in the Marlstone.f (See also p. 222.) The deep 
red loam found near Barrowby and; Great Gonerby, near 
Granthaoi) is considered to furnish some of the most fertile tracts 
in Lincolnshire,! ^ • 

. The Upper Lias furnishes a loamy soil in Dorsetshire and 
South Somerset^ Northwards for some distance it exercises- little 



* See Conybeare and Phillips, Gcol. England and Wales, p. 277. 
■ t Middle UMB<d 2i(ortbamptonshire, p. v J . 

X J. A, Clarke, Jouru. B. Agric. Soc, vol. xii., p. 259. 

§ For Analyses of soils from Montacate, and Combe Farm N.W. of Sherborne, 
see A. Voelcker, Journ. Bath and W. of Eng. Soc, ser. 2, vol. vi. p. 262 ; and for 
Analysis of soil from South Petherton, see T. D. Acland, Journ. R. Agric. Soc, 
Tol. xi. p. 720. 
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influence on the agricultural features^ and along the Cotteswold 
Hills its presence is indicated by grassy slopes beneath the 
Midford Sands and Inferior Oolite, the soil being largely made 
up of a downwash of sands from the beds above. On the steep 
western slope of the Lincolnshire *' CliflF,'* the soil over the Upper 
Lias clay is likewise rendered fertile by a downwash from the 
superincumbent strata. 

• 

In the vales formed of Lias, and in the narrow valleys of Lias 
clay that intersect the Oolitic escarpments, we find most of the 
permanent pasture- and meadow-land. These tracts are divided 
by well-timbered hedge-rows, and almost everywhere the charac- 
teristic oak will flourish, while the elm and ash likewise abound. 
The fertility of particular tracts varies according to the nature of 
the clay, whether marly or loamy or very tenacious, the situation 
and elevation of the ground, and according to whether the soil 
is modified by a downwash of material from the adjoining uplands, 
or from scattered superficial deposits of gravel and sand. Where 
the bare clay comes to the surface, the soil is often stiff, cold and 
retentive, and requires much draining and manuring before it 
becomes productive. Much of the Lias clay is calcareous, but as a 
rule it is too deficient in lime to be employed for marling the land ; 
the Lower and Upper Lias clays are the stiffest, the more loamy 
clays being found in the Middle Lias at the base of the 
Marlstone. 

The Vale of Marshwood in Dorsetshire is a tract formed partly 
of somewhat cold and stiff Lower Lias clay, bordered by more 
fertile lighter lands of Middle and Upper Lias. It includes 
some excellent pasture-land, and yields a good soil for orchards ; 
hence the Dorset butter and cider are noted. 

Among the products of the Liassic and Alluvial pastures of 
Somersetshire, south of the Mendip Hills, may be mentioned the 
Cheddar Cheese ; and of the Vale of Berkeley the Gloucester 
Cheese ; while the famous Stilton cheeses are most largely pro- 
duced fVom stock fed on the pastures of the more or less Drift- 
covered tracts of Lias, near Melton Mowbray in Leicestershire, 

The Wolds of East Leicestershire, formed of Lias clay with 
cappings of Drift, furnish well-known sheep-walks ; and there is 
rich grazing-land near Market Harborough. Northwards in 
Lincolnshire the soil on the Lower Lias is a cold clayey loam, 
but its character is modified in many places by coverings of 
Drift. 

Wheat, beans and teazels are cultivated in places ; teazels more 
especially in the Vale of Ilchester. Hops were formerly grown 
in places, as at Bitton near Bath. Canon EUacombe mentions 
that in many parishes there are fields called Hop Grardens, but 
the cultivation ceased to pay when it was cheaper to buy hops 
grown on more favourable soils.* 



♦ Proc. Beth Nat. Hist. Clab, vol. vi. p. 187. 
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The neighbourhood of Eveshain is especially noted for its 
market-gardens and orchards, a large amount of fruit and yege* 
tables being cultirated for the market. 

The derelopment of trade here, is due partly to the soil and to 
the low and sheltered situation, and partly to the facility for trans- 
port of the material by rail. The sub-soil of this tract of country 
is chiefly Lower Lias clay, of a more or less calcareous nature, 
with coverings here and there of sand and gravel ; it is said to be 
better adapted than the New Ked Marls for market-gardening, 
but the fertility requires to be miuntained by manuring.* Much 
jam is made at Pershore, Evesham, and Toddington, north of 
Winchcomb. 

The fertility of the soil at Evesham, was early recognized, for 
the land was partly on this account chosen by the Monks who 
erected the Abbey. At one time there were vineyards here, and 
also in the Vale of Gloucester ; their former presence is indicated 
by Vineyard Farm, south of Charlton Kings, near Cheltenham, 
and in some of the field-names near Bath and Claverton. There 
were vineyards also at Meare and Pamborough, near Glastonbury, f 

Another product of the Liassic clay^ands, is much of the Cider 
of Dorsetshire, Somersetshire, Gloucestershire, and Worcester- 
shire ; for the Apple-tree likes a " stiff land inclined to day,'* or a 
calcareous clayey soil with a dry subsoil. The trees grow well in 
some of the old limestone-quarries near Street, in Somersetshire 
(see p. 294), but some of the best localities in Somersetshire are 
along the borders of the junction between the Lower and Middle 
Lias, near Martock, Tintinhull, Queen Camel, and Cadbury.^ 
There are also good orchards near Tewkesbury, and along the 
borders of the Cotteswold Hills. 

The vales of Moreton-in-the-Marsh, Evesham, Fenny Compton, 
Market Harborough, Melton Mowbray, and Belvoir, are among 
the more celebrated fox-hunting tracts. 

The clay lands of the Lias furnish remnants here and there 
of some of the Forests of ancient fame, but they are not so noted as 
some of those that formerly extended over the clays of the Oolitic 
Series. Portions of the old Forests of North Petherton, Neroche, 
and Ashill, in Somerset ; of Rockingham ; of the Forest of Arden 
around Henley-in- Arden, and Hampden-in- Arden ; and of Dela- 
mere in Cheshire, extended over tracts of Lias. 



Terraces of Cultivation, 

Old terraces of cultivation, known as lynchets, or linchets, may 
be observed in many tracts, more especially along the Middle Lias 
slopes. 



* Sec Memoirs of H. E. Strickland, p. 80. 

t Canon H. N. Bllacombe, Proc. Bath Nat. Hist. Club, vol. >i. p. 137, vol. vii, 
p. 85. 

X For Analyses of soils from Street and Long Sutton, in Somerset, see Yoeloker, 
Joum. Bath and W. of Eng. Soc, ser. S, voL vi. p. 263. 
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Tliey may be Been near Bridport^ on Brent Knoll^ occasionallj 
in the Cotteswold Hills^ and some well-marked terraces have been 
noticed at Shenington^ and Alkerton^ near Banbury, and at 
Burton Dassett. They occur also near Tilton-on-the-hill. 

In these districts the terraces are found generally on the 
micaceous sands and clays, below the Marlstone rock-bed. 

Mr. E. A, Walford has atti'ibuted the terraced hill-slopes near 
Banbury to natural causes, partly to the slipping and slidii^ out* 
wards of the saturated porous strata upon the tenacious clays, 
aid( d by pressure of the su[)erincumbent Rock-bedj and partly to 
the removal by chemical agency of calcareous matter from the 
beds."* I cannot accept this explanation. In all case) that I 
have noticed, these features terminate abruptly, and show no 
reseiiiblanees to the irregular terraces and broken ground due to 
landslips. The explanation that they are old terraces of cultiva^ 
tion, is by far the most plausible one, and their occurrence on 
the slopes formed of th6 Middle Lias sandy clays, may be attri- 
bated to • the fact that these tracts were found to be more fertile 
and more readily cultivated than the probably wooded tracts on 
the Lias clays. 

Over large areas of the Liassic "grass country," there is 
Evidence that much of it was originally ** plough land," from the 
ridge and furrow due to former agricultural operatkrns. 'In some 
parts of Leicestershire the old furrows-are from one to three feet 
deep. 

Distribution of Population. 

The distribution of towns and villages on the Liai^ as on other 
formations, bears a close relation to the means of obtaining a 
water-supply. 

In the tracts where the Lias is comparatively free £rom Drift, 
we find that the settlements were originally made near the escarp- 
nients, whether of the Lower Lias lin;iestones or of . the JMb.rlstone. 
Springs issue from the base of the Lower Lias limestonea and 
White Lias, and again more copious springs flow from tb^ base 
of the Middle Lias "Marlstone," or from the und^ying sandy 
beds. 

On the broad flats of Lower and MidiUe Lias qlay, ith^. few 
villages are usually very small^ excepting in place;} whore |^vel 
occurs. 

Of the larger towns or cities placed for the most part on Lias, 
Bath is nearly surrounded by hills, that throw oiit many springs, 
and of course owes its development to its natural thermal waters. 
Gloucester is situated on gravel overlying Lower Lias; aoid Chel- 
tenham occupies a somewhat similar geological position, its growth 
being due to the mineral waters obtained by sinking to some Iktle 
depth beneath the surface. 

Water-bearing Strata, 

On the Upper Lias clay, the villages usually draw their sup- 
plies of water from springs thrown out on top of the olay, at its 

* Journ. Northamptonshire Nat. Hist. Soc., ISnO. 
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jimotion with the variable beds grouped, for the sake of con- 

enience^ with the Inferior Oolite Series. Accounfs of these 
nxrings will be given in the Memoir dealing >nth the Oolites. 
Some of the beds of much-jointed paper-shale in the lower part of 
the Upper. Lias of Gloucestershire^ nllpw water to freely pass 
through them.^ 

The Lower Lias Ume^tones yield a variable supply of water, 
bat although the jstrata attain a thickness varying from 20 to 
nearly 200 feet, we have no records of any very copious supply 
being yielded. Constant supplies of water are obtained from the 
Lower Lias, in a well 129 feet deep, ^t Somerton; and at 
Twerton coal-pit near Bath, a spring in the Lower Lias, at a 
depth of 72 feet, yielded 16,800 gallons of water per day. This 
water was saline^t (See p. 321.) A boring at bhepton Mallet 
carried to a depth o£ 98 feet, found no water. 

Max^r of the springs that issue are very permanent, and in 
seasons of long drought, they continue to yield a supply. Such 
is the case on the Glamorganshire coast near Southerndown. 
Owing5 however, to the, alternation of clays with the limestones, 
percolation is slow, and no large bodies of water are likely to be 
stored up in the mass of the strata. 

A well sunk at Harbury, in Warwickshire, to a depth of 37 
fiset in the Lower Lias limestones, yielded 90 gallons of water per 
hour. Higher beds in the Lower Lias occasionally yield limited 
supplies of water. Thus at Saxby, near Melton Mowbray, a yield 
of about 5,000 gallons per day was met with in limestones that 
occur in the clays at a depth of 225 to 240 feet The water rose 
to within 4 feet of the surface. 

The Marlstone and underlying sandy beds of the Middle Lias 
are usually water-bearing strata. 

In the south of England the sands beneath the thin representa- 
tive of the Marlstone are the chief holders of water, as at 
Glastonbuiy. The Marlstone, and the Basement-beds of the 
Upper lAas, yield supplies suitable for cottages as in the neighbour- 
hood of Yeovil ; and sometimes a good supply has been obtained/ 
as at the Yeovil gas-works, where the water rose to the surface. 

a. In South Gloucesterriiire the Marlstone is poorly represented, 
but it becomes more important near Wotton-under-Edge. East-^ 
wards agiun it is variable in character. 

'( At Eiingbam Hill, near Chipping Norton, a well sunk through 
50 feet (S* Upper Lias to a further depth of 50 feet (with 
headings) in tlie Middle Lias, yielded about 1,000 gallons per day 
at the Wd of a very dry season. 

^/I'Bul»he>midland counties from the neighbourhood of Banbary to 
O^rantbam, the Marlstone is perhaps the most important soume 
of waten Nevertheless, in some places the Rock-bed is too thin 
to hoid< much water. A trial-boring at Castor, near Peterborough, 
carried to a depth of 286 feet, failed to find any large quantity of 
water. :( 



■ iMlft 



♦ F. Smithe and W. C. Lucy, Proc. Cotteswold Club, vol. x. pp. 202, 204. 

J Do Bance, Rep. Brit. Assoc, for 1S75, pp. 118, 141 ; Ibid, for 1882, p. 214. 
J. Addy, Pioc. lust. C.E , toL Izxir., p. 147. 
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A shaft sunk in 1836 at Kingsthorpe^ near Northampton^ 
penetrated the Middle Lias, which yielded about 864,000 saUons 
of water per day. No use was made of this water, for the sinking 
was carried (in search of coal) to a depth of 967 feet, and then 
encountered saline water. Mr. B. Thompson remarks (1888) that 
the salt water fills the old shaft to within 270 feet of the surface. 

Northampton was about 10 years later (1846) supplied by a well 
(near the Billing Road), sunk and bored 168 feet into the Marl- 
stone. About 500,000 gallons per day were at first obtained, 
and the water rose to within 60 feet of the surface. Later on a 
second well was sunk. In 1871 about 280,000 gallons of water 
were daily supplied ; but the total amount available was found 
steadily to decrease. Some temporary increase was obtained by 
means of headings, but many old wells were rendered dry, as the 
water-level was reduced, and in 1884 the water did not rise above 
the Marlstone rock-bed. As pointed out by Mr. B. Thompson, 
more water (from this and other wells in the neighbourhood) 
was pumped from the Marlstone than it received &om natural 
sources. He proposed a scheme to supply the deficiency by 
means of dumb-wells constructed to take surplus waters from 
the Nen and tributaries. This scheme was not adopted.* 

A reservoir intended to hold 400 millions of gallons of water has now been 
constructed on the Upper Lias Clay in the valley between Ravensthorpe and 
Guilsborough. The brooks in this valley form one of the tributaries of the 
Nen, and they derive their waters from the Northampton Sands. 

The dam is near to and nearly parallel with the road from Ravensthorpe to 
Teeton, so that the reservoir is sometimes spoken of as the Teeton reservoir, 
and sometimes as the Ravensthorpe reservoir. The Upper Lias clay was used 
in the construction of the dam. 

Mr. Beeby Thompson, to whom I am indebted for the above particulars, 
informs me (1891) that the reservoir has probably never received half the 
amount of water which it was constnicted to hold. 

At the Midland railway-station at Wellingborough, a boring 
was carried through the Upper Lias to a depth of 160 feet, when 
the Bock-bed (Marlstone) was struck, and plenty of water was 
obtained.f Good water (used for brewing) was obtained from the 
Middle Idas (at a depth of 80 feet), one mile west of Oakham).! 
(See p. 238.) 

The water obtained from the Lower Lias limestones is as a rule 
much harder than that obtained from the Marlstone, and it is 
sometimes contaminated with sulphuretted hydrogen. This is also 
the case with wells that are sunk through the Middle Lias into 
the clays at its base. In waters not subject to artificial p(Jlation, 
the hardness, as might be expected, is usually less in the spring 
water than in the water obtained from wells, and it increases 
according to the depth of the well. The hardness is mostly of a 
^ temporary " character, and can be removed by Clark's process. 



* B. TbompKon, Middle Lias of Northamptonshire, pp. 78, 82, 84, 100, &c. ; and 
B. Latham, Trans. Soc. Eug., 1864, p. 244. 
t From notes made by H. W. Bristow. 
X De Ranee, Rep. Brit. Assoc, for 1879, p, 161. 
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The waters obtained from the Middle Lias are especially liable 
to variation in quality as well as quantity, a3 the rock-beds which 
constitute the chief water-bearing strata possess very diflFerent 
characters in different places, passing from an earthy iron shot 
limestone to a rich ironstone. These waters in many places are 
more or less chalybeate. 

The average temporary hardness of the Lias waters is stated 
to be about 20<^ ; but in the " Report on the Domestic Water 
Supply of Great Britain," waters obtained from strata overlying 
the Upper Lias clay are included with the Lias waters.* 

Waters obtained by shallow wells in the Lias limestones are 
liable to contamination from artificial sources. 

With regard to the water-supply as affecting health, it has been 
ascertained by Mr. E. E. Berry that goitre occurs in viUages 
(supplied with more or less ferruginous water), on the Middle 
Liias tracts from the neighbourhood of Banbury through 
Gloucestershire and Somersetshire to near Sherborne in Dorset- 
shire. 

JReservoirs. 

Reservoirs to supply water for household purposes and to feed canals, have 
been constructed, on the Lower Lias near Chard^ at Barrow Gumev, at the foot 
of Robm's Wood Hill near Gloucester, at Witcomb, at Child s Wickham, 
Hewlets near Cheltenham, Chattercuit near Cropredj, Bodington, Wormleif^h- 
ton, Napton, north of Daventry (two), near Welford, and Denton ; on the 
Middle lAas at GhUcombe Bottom, Swainswick (partly Upper Lias P), Dowdes- 
well near Cheltenham (Lower and Middle Lias), W. of Nasebj, and Knipton ; 
and on the Upper Lias at Motik's Wood, S. of Cold Ashton (partly Middle 
Lias P), and at Ravensthorpe. Small ornamental lakes have been made in many 
parks on each division of the Lias. 

Sprinffs. 

While the general flow of the rain that falls on the Liassic and 
Oolitic hills is towards the south-east, along the dip-slope of the 
strata, yet notwithstanding this inclination, many springs issue 
along the escarpments at the base of the porous rocks. 

Such springs originally issued when the strata became sur- 
charged with water, and the outflow of water over the clays would 
tend to form in them channels, which in course of time would be 
deepened. Eventually the more important of these springs, 
dnuning large areas, would become of a permanent character, so 
that a system of underground water-courses exists. 

The porous strata being natural reservoirs for the rainfall, 
overflow springs are found to issue not merely from the base of 
the strata, but where the b^ds are at all tilted, and succeeded by 
impermeable strata, springs may issue from the upper part of the 
porous beds, and flow along in the direction of the dip-slope, over 
the succeeding clayey formation. 

Streams flowing across the outcrop of porous beds are known 
in places to lose much in bulk from percolation ; but such instances 



* Sixth Report of Biyers Foliation Commission, 1874, pp. 93, 79, 95, 117, 126. 
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are more usual among the Oolitic strata. Mr. 0. Reid observed 
that east of Sarte (north of Axminster), where there are two 
streams^ the main one entirely disappears, apparently into a fissure 
of the White Lias. About a mile and a half further north the 
other stream disappears in the same way. 

On the borders of the Mendip Hills north of Doulting, near 
Shepton Mallet, the waters that flow from the Old Red Sand- 
stone of Beacon Hill, pass in places underground through swallet- 
holes in the Lias. The Lias there extends across the denuded out- 
crop of the Lower Limestone Shales, and is banked up against the 
Old Red Sandstone at its junction with the Shales. Hence much 
water is conveyed underground through the Lias limestones, which 
there contain little or no shale, and it passes downwards into the 
Carboniferous Limestone. In the same district, along the Oolitic 
escarpment near Doulting, streams thrown out by the Lias Clay 
at the base of the Inferior Oolite, pass down in swallet-holes into 
the Lias limestones 

Observations with respect to the drought of 1884, recorded by 
Mr. G. J. Symons, show that at Whit« Lackington, near Uminster, 
"two perennial springs failed"; at Banbury, the shallow wells 
and surface springs were dry ; at Belvoir Castle, there was a 
" remarkable disappearance of subsoil water," and at Doddington, 
near Lincoln, the springs were " very low."* 

Over considerable tracts of Lias clay, well-^vnvter is not obtain- 
able owing to the depth to which it would be necessary to bore, 
and other circumstances, such as the presence of saline waters. 
Thus at Rugby, Gayton (near Bhsworth), Kettering, and 
Northampton, saline waters were met with after the Lias was 
penetrated. 

In such cases springs from neighbouring hills are utilized, and 
the surface-waters from certain areas of gathering ground are 
stored in reservoirs. This is the case at Gloucester, where 
springs thrown out by the Lias and Oolites on die flanks of 
Robin's Wood Hill, and the surface drainage of 1,500 acres, are 
collected in a reservoir holding 62 million gaUons.f 

A well sunk at Gloucester penetrated the Lower Lias days 
with bands of limestone to a depth of 360 feet and failed to find 
water.j It is probable that limited supplies of water would have 
beeu obtained ;from beds at a^further depth of about 50 feet ; but 
the limestones at the base* of the Lower Lias are far less pro- 
minently developed in this part of the country than they are in 
many other places. Again at Chipping Norton a boring was 
carried to a dejith of -500 fe^t in the Lower Lias day and 
abandoned. § 



♦ De Ranee, Rep. Brit. Assoc, for 1885, p. 392. 

t SiMh Report RiyerR PoUulioa CoDixQission, p. 34S ; De Ranee, Report on the 
Circulation of Underground Waters, Brit. Assoc, for 1878, p. 404. 

X W. C. Lucj, Proc. Cotteswold Club, vol. viii. p. 218. 

§ Rev. J. Clutterbuck, Journ. R. Agric. Soc, ser. 2, vol. i. p. 282 ; and Geologist, 
vol. V. p. 128. See also T« W. RammeU^ Report to the General Board of Health 
on Banbury, 1850. 
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Banbury had been sapplied with water from the river Cherwell 
at Grimsbury, about a mile above the town. The water contains 
25 grains per gallon of " solid impurity " ;* the total mineral 
salts, according to Mr. T. Beeslcy, being nearly 20 grains per 
gallon. In very dry seasons (as I am informed by Mr. E. A. 
Walford) there is hardly snflBcient water to maintain the stream 
below the intake of the water-company. The town was formerly 
sapplied by wells sunk^ through the Marlstone, &c., to depths of 
from 10 to 150 feet. 

In this account we have omitted reference to water obtained 
from the Drifl sands and gravels that in places overlie the Lias. 
In most cases such water is liable to pollution, but if obtained 
from sands and gravels under Boulder Clay, the water may be 
good. An abundant supply of hard water was thus obtained at 
Fleekney in Leicestershire, at a depth of 45 feett 

Some of the more prominent springs have, through their 
legendary virtues or associations, been designated Holy Wells, or 
named after some Saint; others have a local reputation from 
their constancy. 

At Glastonbnry Abbey there is a Holy Well, known as St. Mary's Well. 
(Stt p. 320.) There is also a spring on Edmund Hill, known as St. Edmund's 
or Elder Well. This has been used to supply the town of Glastonbury ; but I 
am informed by Mr. T. C. Luff (1892), that since a shock of an earthquake, 
some 15 or 20 years a^o, the yield has been much smaller than ic formerly \ms. 

At Southam there is a Holy Well, north-west of the town ; it rises m the 
Lower Lias limestones, and has been utilized as a source of supply to the 
town. 

Sonih-east of Priors Marston, in Warwickshire, there is the Shutwell Spring 
that issues from the Marlstone. 

Thackson's Well, south-west of Foiton, in Lincolnshire, is a perennial 
spring that issues from the Lower Lias, near a line of fault. 

The underground waters in the Jurassic rocks all contain some 
mineral ingredients, and the surface-waters, the streams and 
rivers consequently convey similar materials in a much more 
diluted form. 

Springs which come to the surface through argillaceous strata^ 
must be of an artesian character, and must find egress through 
cracks in these otherwise impervious beds. 

in dry seasons it is noticeable how deep the surface-cracks are, 
while at a considerable distance down, most clays are in an 
indurated condition, as shown by cores from bormgs. Hence 
water firom a considerable depth may rise through joints or faults 
in argillaceous strata. In this way only can we account for the 
rising of waters, as at Bath, Cheltenham, or Shearsby, through 
the Lias clays, or at Purton through the Oxford Clay. 

During the dry season of 1885, I noticed huge cracks in the 
fields and also in the roads, on the Oxford Cky near Witham 
Friary in Somerset; and in some sections -of the Lower Lias and 
other formations, where clays with bands of limestone oocur, it 

— I^^I^W^^^IW^— 1*^.^ ■ ■■■■II ■■ ■■!■■ M !■ !■■■ I^ii^-^^ ■ ■ ■ I »^^^— ^^— ^»^— — ■ — ■■■■■■ ■■■ I .^——1 MM, I ^ 

* Report of Rivers Pollation CommisfiioD, p. 50. 
t ^® Ranee, Report, Brit. Assoc, for 1880, p. 106. 
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may be noticed that the limestone is waterworn at some depth 
from the surface. I observed instances near Penarth. (See also 
p. 271.) 

Tlie origin of the mineral matter in what may be called the 
Surface Sprincjs, is readily understood, for, with the exception of 
atmospheric impurities, they derive their ingredients from the 
calcareous and ferruginous rocks through which they have 
percolated. These rocks and the original or secondary mineral 
matter ihey may contain, will usually account for the nature of the 
water. In some cases the dissolution of organic remains may 
have contributed saline and other materials. The origin of the 
saline waters will be discussed more particularly in the volume 
dealing with the Oolites, but it should be borne in mind that 
artificial manures affect some surface-waters, and that Epsom 
Salts may be introduced into certain Spas by other than natural 
agencies. 

Petrifying Springs. 

Springs of a '* petrifying " nature, depositing carbonate of 
lime on objects placed within their influence, or forming accumula- 
tions of tufa, have been met with in a number of places along the 
outcrop of the Lias limestones. 

Such springs have been observed at Ford Farm, between Chilton and 
Stawell in Somerset (at the junction of Lower Lias and Rhsetic Beds) ; near 
Dursell, Shepton Mallet ; near Newton Mill, Newton St. Loe, Bath ; near 
Warkworth, 1} miles east of Banbury (Marlstone) ; at Morton Moirell, north- 
west of Kineton (Lower Lias limestones) ; at Halstead, by TiltoD-on-the-hill 
(Marlstone) ; and near Whitton, in Lincolnshire. Prof. Judd mentions that 
at Halstead the ** petrifying springs " have been made use of for the purpose 
of obtaining incrustations of objects hke bird's nests, brancbinf( twigs, &c.* 

Chalybeate Springs. 

Chalybeate Springs, some of which have attained considerable 
notoriety as Spas, are abundant. Often known as Bed Well» 
(Rodwell, &c.) they issue at various horizons, but appear to be 
most abundant in the sandy shales at the base of the S^ktone. 

Lower Lias. 

Capland Spa, between Ashill and Hatch Beauchamp, N.W. of Ilminster. 

Cheltenham : Cambray Spa, (Shallow well). 

Little Wolford Hall, S. oi Shipston-on-Stour. 

Kings Newnham, near Church Lawford, W.N.W. of Rugby. 

Brentingby, £. of Melton Mowbray. 

Burton Lazars, S.E. of Melton Mowbray. 

Little Dalby, S.E. of Melton Mowbray. 

Kinoulton Spa, Nottinghamshire. (Saline chalybeate welL) 

Middle Lias. 

GlastonbuiT : Chalice or Blood Well, a spring in the grounds of Tor Honse. 

(Yield above 1,000 gallons per hour. Water probably conveyed to 

supply Holy Well at St. Joseph's Chapel.) 
Batheaston Spa, north of Lamb 'Bridge, near Bath (tepid waters, saline- 

chalybeate, obtained partly .from strata below the Middle I^as). (See 

p. 323.) 

* GeoL Rutland, p. 26S. 
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Shipton-under-Wvchwood. 

Lower or Nether Worton, S.W. of Deddingiou. 

St. Stephen's Well, on west side of Banbury. 

Astrop Spa (A^thorpe^ or East-thorpe), King's Sutton, east of Village ; 
water brought in pipes from St. Rumbold's Well. A Saline Chalybeate 
spring, yielding about 28,000 gallons per day, and containing 51 grains 
m mineral matter per gallon. 

Ihiiington Spa, Warwickshire. 

Faraborough, near Burton Dassett : St. Botolph's Well. 

Thenford, N.W. of Brackley. 

Bugbrook, W.S.W. of Northampton. 

Barby, N.W. of Daventry. 

Denton, S.W. of Grantham. 

Lincoln : Monks well, S.E. of Monk's Abbey. (Spring.) 

Sulphuretted Sprinffs. 

'* Sulphur springs," giving off sulphuretted hydrogen^ due to 
the decomposition of iron-pyrites, are met with here and there in 
the Liassic clays or shales. These springs are usuallj more or 
less saline. 

Among those noted are the Daviesville Spa, Bumhani, Somerset (derived 
from a well 25 feet deep, through Alluvium and Lower Lias clay) ;* spring at 
Northbrook Farm, Shapwick, west of Glastonbury (Lower Lias) ; spring at 
Chilton-upon-Polden, near Edington, Somerset (Lower Lias and RhsBtic Beds) ; 
the "Black Well" at Queen Camel, north-east of Ilchester; spring at 
Bowld (or Bould) near Idbury north-west of Burford ; and a saline spring at 
Burton Lasars.f 

Saline Springs. 

Saline waters occur in most formations, sometimes breaking out 
at the surface or being proved in shallow wells, but more often 
being tapped in deeper wells and borings. 

Such waters appear to be more often met with in the Lias, a 
fact to be expectea, as the underlying New Red Strata so frequently 
contain rock-salt and gypsum. 

Lower lAcu, 

Bumham, Somerset : Davies^nlle Spa (well 75 feet deep : through Alluvium 

and Lower Lias clay). 
Horton, W. of Ilminster. 
Sock Farm« between Yeovil and Ilchester. (Sulphates of lime, magnesia, and 

soda, chloride of sodium, carbonate of soda, &c. ; 217 grains per 

gaUon.) 
Alfbrd Well, between Castle Gary and Lovington. (Chloride of sodium, &c.) 
Bath : Temp. 109^ to \20P. (Sulphates of lime and soda, chlorides of 
sodinm, magnesium. Sec, 168 grains por gallon.) (See p. 322.) 
Twerton coal.pit, near Bath. (Chloride of sodium ; 7B grains per gallon.) 
Cherxyrock Farm, N.E. of Wickwar (well 40 or 50 feet deep : sulphates of 

magnesia, soda, and lime, chloride of sodium, &c.). 
Coaley, S. of Gloucester (well-waters brackish). 
Easttngton and Hardwicke, south of Gloucester. 

Gloucester: 3 weUs, one 80 feet deep. (Chloride of sodium, &c.) (See 
p. 325.) 

* Notes on the Bumham or Daviesville Spae, by A. C. G. Cameron, Bridgwater 
Merenry, Jan. 2S, 1891. 

I Barton Lazars derives its name in part ft'om the Lazar house, or hospital for 
lepers, which formerly existed ihere. Judd, Geol. Rutland, p. 270. 

B 70859. X 
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Sandhurst^ N. of Gloucester. 

Bajshill, Cheltenham, and south of Fidler's Green. 

Cheltenham : Montpellier Wells (Sulphate of soda, sulphate of ma^rnesia, 

chloride of sodium, &c.) ; Pittville Spa (Sulphate of soda, chloride of 

sodiuTi, &c.). (See p. 323.) 
Prestbury and Bishops Cleeve. 
Child's Wickham. 

Walton CardiflF, Tewkesbury : Walton Spa. 
Hampton Spa, Evesham. Wells 11 to 22 feet. (Sulphates of lime, soda, and 

magnesia, carbonates of magnesia and lime, &c. ; 50 grains per gaUon). 
Evesham. (Saline wells.) 
Long Marston (Brine spring.) 
Fenny Compton. (Spring, 103 grains per gallon. Sulphate of soda, chloride 

of sodium, &c.) 
Southam Holt, abut 2 miles S.E. of Southam. (Salt spring.) 
Willoughbv Spa, S.E. of Rugbv. (Well sunk 104 feet. Brine spring.) 
Shearsby, S'.E. of Lutterworth. (Spring, containing chloride of sodium 

sulphate of soda, &c. 396 grains per gallon). (See p. 325.) 
Belvoir Spa, near Bel voir Castle. 
Burton Lazars (Chi. sodium.) 
Brentingby-cum-Wyfordby, east of Melton Mowbray. 
Bracebridge, Lincoln. (Borinff 320 feet.) Water containing 593 grains per 

gallon: 549 chloride of sodiunA; 11 bromide of sodium; 15 carbonate 

of soda ; 12 carbonate of lime ; &c.* 

Middle Lias, 

Dillington, N.E. of Ilminster. 

Churchill Mill, between Kingham and Churchill, near Chipping Norton. 

Clifton, east of Deddington. 

Deddington. (Sulphur saline.) 

Sutton Bog, N.E. of railway- station, King's Sutton. (Spring containing 
sulphate of soda, chloride of sodium, &c. 199 grains per gidlon.) 

Old Stratford, near Stony Stratford. Well, 1 10 feet in Marlstone P (Sul- 
phate of lime, carbonate and chloride of sodium, &c. 77 grains per 
gallon.) 

Gumley, N. W. of Market Harborough. (Saline chalybeate.) 

Grantham : Spittlegate. (50 grains of mineral matter per gallon.) 

Concerning the Bath Waters, the Rev. J. Townsend mentioned 
that **By Hetlin Court, when the hot springs had failed to supply 
the usual qunntity of water in a given time, the Corporation em- 
ployed Mr. Willinm Smith to remedy the evil. He laid open the 
ground, detected the cause of failure, and restored the springs. At 
thai time I took notice of his operationsj and at a great depth saw 
the springs issuing through the blue marl." 

" When the new building was constructed over the springs of 
the Cross Bath, I particularly noticed hot and cold springs issuing 
within the space of two or three lug of ground, in such a manner 
that the cold springs were obliged to be separated from the hot 
onet«, and, not being suffered to i^sue on the spot; were separately 
conveyed into the river Avon." f 

The hot springs rose to the surface not more than 15 or 20 feet 
above the level of the river. William Smith considered it possible 
" that the Bath waters may be a compound from the lias, red 

♦ De Ranee, Rep. Brit. Assoc, for 1891, p. 802 ; and Proc. Yorksh. Geol. aud 
Polyt. Soc, vol. zil. p. 49. 
t Character of Mosea, pp. 197, 318. 
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rock^ coal-measure?, and mountain limestone " ; * and this view is 
probably correct. JuJging from their temperature, Prof. Prest- 
wich has calculated that Qie^ waters rise from a depth of about 
3^500 feet ; t in this case they may be supported by the Lower 
Limestone Shales. 

It may be mentioned that in unking a pit in search of coal at 
Batheaston, warm saline chalybeate waters were encountered.^ 
The sinking was carried through JVIiddlo nnd Lower Lias^ and 
the water from the Lias rock, together with that let up by boring 
the Red rocks beneath, ascended to the -urface. I am informed 
by Mr. W. Topley that, at the present time (1891), the flow from 
tlie adit of the old works amounts to about 57,000 gallons a 
day (40 gallons per minute). The temperature is 62°. 

Saline waters have been met with in many localities around 
Cheltenham, as well as beneath the town. 

The Original Spa at Cheltenham " owes its discovery to a slow 
spring being observed to ooze from a strong thick bluish clay 
or mould, under the sandy surface of the soil, which, after 
spreading itself for a few yards, ngain disappeared Jeaviug much of 
its Raits behind ; flocks of pigeons being daily observed to resort 
hither to feed on these salts '' ; and it was ^^ remarked, that when 
other springs were fast boimd by the frost, this continued in a 
fluid state. ''§ Thus the water attracted attention about the 
year 1716. In 1718 the ground was railed in, and the water 
sold as a medicine. The water for many years was obtained from 
a well about six feet below the surface, and about 58 gallons were 
daily pumped up. In 1808 the well was enlarged to 12 feet deep 
and 6 feet wide. 

The temperature of the Cheltenham water varies from 69? to 
60°, and it contains the following ingredients : — 



CUoride of sodium 

„ magnesium - 

Salphate of 80& 

CarooDAte of soda 
„ magnesia 
„ lime - 

Bromide or iodide of sodium 

Silica - 

Organic matter, Xcc. 

Grain! per gallon 



Royal Old Well. 


Pittville Spa. 1 


590-33 


481-19 


8-00 


— 


94*94 


115-82 


— ' r .' t 


,20-15 . 


6r80 


i U-39 


17-0« 


7-70 


8-50 


1 .. 8--«a .. 


2'75 . 


1 5-77 . 


18-39 


! ,3-65 


741'77 


i .. ,MP16 



._l 



»■ ■ ' » . 



./ 



♦ See Memoir^ of W. Smith, pp. 64, &c. . i . . « 

t (jeology, Chemical and Phytocal, p. 166. . 

J Memoirs of W. Sinith, pp. '64, &c. ; C. Moore, Quart. jQum. Geol. Soc, vol. 
xxiii. p. 496. 

§ G. A. Williams, New Guide to Cheltenham, pp. 20-23, 66, 67. 

II The original or Royal Old Wells are now closed. They were situated in Mont- 
pellier Street. The analyses given, were by Abel and Rowney; see Prestwich, 
paper read before Ashmolean Soc, Oxford, 1876. A small quvitity of potash salts 
in the Pittyille water, is included with the chloride of sodium. 
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At the Montpellier Wells 8alinc-chalyl»eate waters were found 
of somewhat different character in different sinkings. No less than 
70 wells were sunk ; in mo.^t of them chloride of sodium was found 
to preponderate, but in one case sulphate of magnesia was more 
abundant. Here the surface-strata comprised about 12 feet of soil 
and sand, and sinkinj^s were carried to a further depth of 63 feet 
in the blue clay of the Lias. The water obtained at the greatest 
depth was more higlily chalybeate, and contained a larger propor- 
tion of common salt. 

With regard to the Cheltenham waters, it was pointed out in 
1834 by Murchison^ that the most abundant saline ingredient, sea- 
salt, " is present in still larger quantities in those wells which occur 
near the western edge of the formation, where the Lias forms 
only a thin covering above the marls of the New Ked Sand- 
stone. At the new spa, near Tewkesbury, where formerly the 
mineral water at shallow depths below the surface was very 
slightly saline^ it was recently found to be much more im« 
pregnated with salt when the sinking was carried to the depth 
of 90 feet. • * • Again, at Cheltenham, when experi* 
mental borings were made by Mr. Thompson, to the depth of 
260 feet below the surface, the water of the lowest stratum of 
marl or clay was found to be more highly charged wiih the 
chloride of sodium, or common salt, and to contain less of the 
sulphates, than the existing wells, none of which have been sunk 
to a greater depth than 130 feet." 

He explains that '' waters collected in the New Red Sandstone 
at higher levels than the surface of the Vale of Gloucester, would 
naturally ascend to their original level by any cracks or open 
veins which might present themselves in the overlying Lias. 
This salt water having to pass throuLrh various strata of marl 
and clay, loaded with iron pyrites, or snlphuret of iron, it is 
presumed that during this passage certain chemical changes take 
place, which give to the waters their most valuable medicinal 
properties." ^ * * »« In buggestin^ this explanation, we 
must not, however, overlook the ftict, that fresh water is per- 
petually falling from the atmosphere upon the surface of the Lias 
clay, more or less percolating its uppermost strata.*'* 

The view suggested by Murchison, that the saline waters of 
Cheltenham rise from the New Bed Sandstone series, is supported 
by Daubeny, who remarks ''that during the passage of the 
water upwards through cracks and fissures in the Lias clays 
overlying, the iron pyrites, which is so abundant in that stratum, 
supplies it by its gradual decomposition with the sulphuric acid 
found amongst its ingredients. That sulphuretted hydrogen is 
generated in the vicinity of these springs, we are assured, not 



♦ Murchison, Geol. Cheltenham, 1S34, pp. 88-85 j Proc. Geol. Soo., vol. i. p. 390 ; 
and Silurian System, pp. 84-36. 
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only from the iniDutc quantities * of this gas observed in one or 
two of the Cheltenham and Liesunington waters, but also from 
the strong impregnation of the spring of Wilioughby in 
Warwickshire."* 

Thos> as Dr. Daubeny concludes, the sulphuric acid, acting upon 
the several chlorides, would form with their bases those earthy 
and alkaline sulphates on which their medicinal qualities chiefly 
depend ; whilst the free hydrochloric acid disengaged, attacking 
the calcareous rock^, would give rise to the production of the 
increased quantity of chloride of lime present in them. He adds 
that ''there is a general impression that the aperient springs, 
which rise so abundantly from the lias, become weaker when 
long drawn upon, and it is only in this way that I can reconcile 
the extreme di:!Crepancy between the analyses of the same 
spring, at periods not very remote one from the other." 

The following analyses of waters from two of the three spa- 
wells at Gloucester, were made by Mr. George Embrey (1889) ; 
they hove been communicated by Mr. C. E, Hawkins: — 



•* Salino Water." 


'* Sulphuroas 
Water." 


Grains per gallon. 


Grains per i^Uon. 


1143-45 


464-31 


7-19 


34*00 


32-22 


-— 




21-83 


38-5S 


3-23 


•01 


Trace. 


Traces. 


.— 


31-55 


27-13 



Sodium chloride 
Calcium sulphate 
Calcium carbonate 
MagneMara sulphate - 
MagneainDi cariwnate - 
Iron oxide 
Bromine and Iodine 
Combined water abd loss 



1253 00 



550-00 



Traces of Free and Albuminoid Ammonia were found. 
The third well is said to yield a strongly ferruginous water. 



The saline water obtained from a well nt St. Clement's, Oxford, 
will be referred to more particularly in the volume dealing with 
the waters obtained from the Oolitic strata. 

The Shearsby Spa in Leicestershire originates from a spring 
about half mile from Shearsby, on the road to Bruntingthorpe. 
The water rises through the Lower Lias clays, and probably, like 
the Cheltenham waters, it derives its main ingredients from 
saliferous Triassic marl?. The following analysis by Mr. R. 
Haytoa Davis, has been publidhed by Mr. J. D. Paul : — t 



* Rep. Brit. Amoc. for 1836, pp. 13, 19. 

t Trans. Leicester Lit. and Phil. See., ser. 2, Part III., p. 9. 
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Grains per Imperial 




gallon. 


Carbonate of iron ■ • 


- Traces. 


„ lim« - • 


9 • 74.3 


„ mai^ue&ia - 


G 246 


„ soda 


5-681 


Chloride of sodium 


. 246-532 


Sulphate of soda 


- 128-989 


Chloride of potassium - 
Hydrosulphide of sodium 
Iodine and l)romine 


. Traces. 


•2/6 
• Traces. 




396-366 



The origin of these and other inline waters will he more con- 
veniently treated in connexion with the mineral waters of the 
Oolitic rocks. 
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APPENDIX. 



CATALOGUE OF FOSSILS 



FROM THE 



LIASSIO HOCKS OF ENGLAND AND WALES. 



In prepfloring the accompanTing List of Fossils from the Lias, the attempt 
hM heen made to include onljr the well-authenticated species. In etiidying 
the many published papers where lists of fossils are given, it wiil be noticed 
that th^ identification of species by different observers, varies a good -deal. 
Thus in t»o lists of the more abundant fossils from the same locality, manf 
do not coincide, when there is every reason to believe that identieal^ 
aie recorded. This arises in part from the fact that speoiea ai^ 
vBmUe, and that gradations exist between them. Hence, one authonty 
a|^e» oiie specific name, and another authority a dififerent specific name- 
to .ihe Wfxntf fossil. Motcpver the synonymy of British and Foreign LiasBior 
foatik-Tequim much attention, and this again is a source of the dupli*: 
dikm of names in different lists. Erroneous identifications have also to be 
gitaided against in some of the published lists. The List now given will, it ia 
hflpedy. ba fbmd reliable ao far as it goes, the species about wnioh any doubta: 
were felt having been omitted, or inserted with a que^y. 

' The spebies in the Museum of Practical Geology, identified some of them by 
Mir. Eitheridge, some by Messn. G. Sharman and £. T. Newton, are included 
in the liftt. Many additional records from particular localities have been 
made from the specimens collected by the writer during the progress of his 
work ; and these specimens, excepting some of the commoner forms, have been 
named by Messrs. Sharman and Newton. Much help has also been given by 
them, and also by Mr. U. A. Allen during the preparation of this List. 

Species recorded in the volumes of the Palaeontographical Society, and 
oihertf pitkerved in the British Museum of Natural History, in the Wood- 
wardiail MiiSeuni at Cambridge, and in the University Museum at Oxford, 
have been noted. Among other Museums it may be mentioned that many 
Uas fdadls'are to be seen in the Museums at Taunton, Street near Glaston- 
bury, Bath, Bristol, Cardiff, Gloucester, Worcester, Warwick, Rugby 
(Schoot), Northampton, and Leicester. Other specimens are preserved in th^ 
Dublin Museum of Science and Art. 

The fine collection of fossils made by Charles Moore is preserved' in the 
Bath Museum; that of H. £. Strickland (in part), in the Woodwardian 
Museum; and those made by William Smith, Sowcrby, Thomas Hawkins 
(in part). Sir P. Egerton, the Earl of Enniskillen, Davidson, Wright (in part), 
and others, are in the British Museum. 

Among prix'ste collections, especial mention should be made of those formed 
by the Rev. P. B. Brodie at Rowington, by Mr. T. J. Slatter at Evesham, 
Mr. R. F. Tomes at South Littleton, near Eresham, Mr. Thomas Beesley 
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and Mr. E. A. Walford at Banbury, Mr. J. Windoes at ChippiDg Norton, 
Mr. Becby lliompson and Mr. W. D. Crick at Northampton, and Mr. W. D. 
Carr at Lincoln. From most of these sources, and from published lists of the 
species, materials have been gathered. 

With regard to the perplexing matter of synonymy, much help has been 
obtained from the British Museum Catalogues of Fossil Vertebraia, by Mr. R. 
Lydekker and Mr. A. Smith Woodward; and also firom the Catidogue of 
British Fossil Vertebrata, by Messrs. A. S. Woodward and C. D. Sherbom ; 
and the Catalogue of British Jurassic Gasteropoda, by Messrs. W. H. Hadles- 
ton and £. Wilson. The last-named Catalogue was issued after the List of 
Fossils was in type : and it has not been possible to fully revise the nomen* 
clatiire of the Gasteropods. 

The List of Fossils from the Yorkshire Lias, prepared by Mr. Fox-Strang« 
ways, and published in the Memoir on the Juiassio Rocks of Yorkshire, has 
also proved of great service in regard to the synonymy of the InToriebrala. 
That Memoir (Vol. II.) contains a list of many of the works in which the 
fossils are figured and described. 

The Ammonites are indexed under the generic name Amaumitet, becaose 
confusion must have arisen if any attempt had been made to employ the 
sub-generic names. These names indeed may be of service to the specialist 
who confines his attention to Ammonites, but they are of biological, rather 
than geological importance. Some of the names indeed have been changed 
again and again since this Memoir was commenced, and many of the apeciei 
unfortunately are so split up that the multitude of names is simply bewilder- 
ing, and they become of little or no service to the stratigraphical geologist. 
In some cases the same specific name has been applied to mutatUmB of diifiBnat 
sub-genera of Ammonites : a course nrach to be deprecated, for it is likely 
that, if accepted as new $peeies, the names will eventually be replaced by others. 
An index to the sub-generic names of Ammonites is given. 

The Insects recorded from the Lias require revision ; many of the names 
given are on the authority of C. G. Giebel (Fauna der Vorwelt, 1866, Band 2, 
Abth. 1.). See also Scudder, Bull. U.S. Geol. Survey, No. 31, 1886, and 
No. 71, 1891. 

For figures of British Liassic Fossils, the student may consult Sowerby's 
" Mineral Conchology," the works of the Pal«ontographical Society, "The 
Yorkshire Lias " by Tate and Blake (1876), and Prestwich's Geology, Vol. n. 

It should be specially noted that the present Catalogue does not enumerate 
the whole of the Liassic fossils of England and Wales; the species f^om York- 
shire are given in the Memoir by Mr. Fox-Strangways (above referred to), and 
only those Yorkshire fossils that occur in the country to the south of the 
Humber are mentioned in the following Ibts. To obtain a full record of the 
Liassic fossils of England and Wales, it will be necessary, therefore, to com- 
bine the Catalogue given by Mr. Fox-Strangways with that contained in this 
volume. 
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BxrSAEKCXIl TO LOOALITIBS QITSIC XXT THE AOCOMPANYINO LiBT OF FO8SIL8. 



De. DeTODshire. 

D. DoneUhire. 

8. Somenetahire. 

O. Gloocestershire. 

Gl. 6IamoT|(ui8lure. 

O. Osford&ire. 

Wa Worcmtershire. 

Wk. Warwiokahire. 



Nn. Northamptonshire. 
Le. Leicestershire. 
*" BotlEDdshire. 
Lincoli)shire. 



B. 
Li. 
Y. 



rdDcoii^oire. 

Yorkshire (the references are to 
the species noted fnim other 
coanties that occur also in 
Yorkshire). 



The sonal grouping is arranged as follows:— 
1. Zone of Ammoniiet pianorbis, 

9. Zones of A, anffulaiuf A. Bucklandi, A. Tumeri, and A, semicostatug, 
9. Zones of 4- oliu$u». A, oxynotuSf and A. rarieostahts, 

4. Zones of A. armatuSf A, Jamesoniy and A. Ibex. 

5. Zones of A. Henleyi, and A» capriccmuM, 
t. Zone of ^. wuxrffaritaius, 

7. Zone of A. sfrinatus, 

9. ** Transition Bed " of Northamptonshire, and Zone of A. annulaius. 

9. Zone of A. serpentinus, 
10. Zone of A. comwntni$. 
IL Zone of A»jureruit (passage-heds between Lias and Inferior Oolite) 

K Paaaes np into Inferior Oolite or higher beds ; or occurs in the Bhsstie Beds 
below — (according to the eolomn in which placed). 
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8PBCIB8. 
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Morns. 



orbis, Ag. 

pholidotiia, Ag, 

politufl, De la Beche 
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radiatus, Ag. • 

— ■!>, • • 

Endactit Agaasisi, Eg. 
Kugnathua latos. Eg. 

minor. Ag. 

— opercularis, Ag. 

ortboatomut, Ag, 

Pbilpote, Ag. • 

lerratus. Davit 

— aemilatus, Ag. • 

? chirotes, Ag. • 

•^^ see alio Platysiagnm. 
Harpaotira velox, Eg. 
Holophaguit see XJndiua. 
Itoolam granulatum. Eg. 
Lepidotua elvenilB, Quenst. 
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— — ip, • • 
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^.B, ^Names of Persons (authors, observers, and informants) are in imall capitals. 

Names of Fossils of which there are fibres, or to which special reference is made, 

are in italics. 



Abbey Hill, 75. 
Abel, Sir F., 323. 
Aberdo Limestone, 116. 
Aberthaw, 115-118, 288, 289, 292. 
— — , Fossil-beds near, 43. 

Lime, 117, 118. 

ACLAND, T. D, 311. 

Acrodus AnningitBt 41. 

Actinozoa, 370. 

Adderbury, 220, 222-224, 296, 803-307. 

Adderley, 180, 181. 

Addt, J., 315. 

Adnetber Beds, 230. 

AoASSiz, A., 31. 

Agriculture, 309, 311. 

Board of, 4. 

Aikton, 183, 184. 

Alderlej, 213. 

Alderton, 216, 266, 267, 300. 

AlextoD, 232, 282, 293. 

Alford Well, 321. 

Alhampton, 85. 

Alkerton, 814. 

Allen, H. A., 327. 

Allington, Bridport, 199, 201, 254, 255, 

298. 
Allington Hall, Boring at, 174. 
Alveston, 137. 
AMngton, 258. 
Amberleya capitanea, 251. 
Anmionite Beds, 255. (See also under 
Cephalopoda.) 

Marble, 63, 65, 84, 297. 

Ammonite-zones, 26. (See also onder 

Zones.) 
Ammonites, Economic uses of, 67, 297. 

, Large examples of, 87, 135, 140, 
158, 163. 

, Nomenclature of, 327. 
, Pyritic, 60, 141, 143. 

, Kange of, 188. 
— , Sub-generic names of, 338, 340. 

, Successive species of, 27. 

Ammonites aalensis, 255. 

acutus, 228, 236. 

—-' angulatus, 44, 169 ; Range of, 158. 

— atmulatus, 229, 250. 

— armatus, 47. 

bifrms, 249. 

J^fVcAfi, 68, 71. 



Ammonites brevispina, t7. 

— Bechei, 71. 

Bonnardi, 60. 

Brookeiy 60, 71. 

Bucklandi, 44. 

-»— capricornuSf 48 ; ^. caprieomus and 
A. margaritatus, 179, 188, 242, 248. 

Charmassei, 59. 

communis f 249. 

■ complanatus, 250, 271. 

cornucopia^ 249. 

crassusy 250. 

Davoeit 48, 69, 71. 

— ^ Dudressieri, 84. 

elegansy 249, 250. 

/dicker, 252. 

fibuiatusy 249, 250, 269, 270. 

Heniejf i, 4S, 71. 

heterogenes, 47. 

heterophyllus, 251. 

Holandreiy 229, 250, 269. 

— Jamesoni, 47, 160. 

Johnstoni^ 96. 

jurensiSy 251. 

^-^ latacostOy 68. 
Loscombeiy 69, 71. 

— margaritcUus, 189. 

— obtusuSy 44. 

oxynotuSy 44. 

planicosttiy 84. 

planorbiSy 44, 96. 

radiansy 199, 246, 254, 255, 271. 

raricostatuSy 47. 

semicostahts, 60, 165 ; Ironstone of 

zone of, 172-177. 

serpentinus, 249, 252. 

Smitkiy 84. 

spinntuSy 189. 

steUariSy 64. 

Strangwaysi, 252. 

— striatulusy 199, 265,273, 286. 
striatuSy 48. 

subplmnatus, 250, 271. 

toarcensisy 255. 

TVmeri, 59, 60. 

Wrightiy 278. 

Analyses of Ironstones, 308, 305. 

— of Limes and Cements, 291, 298. 

— ef Limestones, 187, 292. 

— of Mineral Waters, 321-326. 

of Phosphatic Nodules, 299. 

of Soils, 811,818. 
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AlTDBBSOX, W. S., 81. 

Andoyenford, 265. 

"Angel's Wings," 308. 

AnnSida, 368. 

Annelide-boriogs, 10, 75. 

AmoNO, M., 70. 

Anticline, 57, 106, 164. 

AnvU-bed, 73. 

Apperlej, 145. 

Apple Trees, 294, 312, 318. 

Appleby, 178, 286. 

Arborescent Markings, 30, 138. 

Arbury Hill, 276. 

Arden, Forest of, 153, 813. 

Arduino, G., 1. 

Arlescote, 227. 

Artesian Springs, 319, 323, 324. 

Arthingworth, 279. 

Artificial Stone, 290. 

Ascott-under-Wjcbwood, 158, 220. 

Asfordbj, 806. 

Ash Magna, 180. 

Ashohorch, 147. 

Ashill, 320. 

Forest, 75, 313. 

Ashley, 233. 

Down, 187. 

Ashton-onder-Hill, 217. 
Ashwell, Batland, 288, 282. 

Somerset, 203, 257. 

Ashwick, 86. 

Asthorpe, 321. 

Aston Magna, 154, 217, 310. 

Aston-lc-Wall, 228. 

AstropSpa, 321. 

Atherstone, 258. 

Attenuation of Strata, 127. (See also 

under Marlstone.) 
Audlcm, 181, 182. 
Aust Cliff, 138. 

AvBLiNB, W. T., 166, 231, 276, 279. 
Avicuia cygnipet, 50. 
Ayishay, 202. 

Avon Valley, Somerset, 310. 
Awre, 140, 297. 
Axe, River, 310. 

Axminster, 72-74, 296, 300, 318. 
Axmonth, 54. 
Aynho, 162, 224. 
Attos, Rbv. W. a., 230. 



B. 

Babcary, 84. 
Babington, 123. 
Badby, 230, 276. 
Badgworth, Gloucester, 142. 

, Somerset, 300. 

Bakeb, G., 275. 

Miss, 275. 

Balderton, 172. 

Balfour, Db. J. H., 14. 

Banbury. 23, 161, 162, 187, 222,226, 

229, 268-270, 274, 295, 298, 300, 810, 

814,315,817-319,321. 
-i— Cross, 224. 
•*— Marble, 161, 162, 297. 



Barby, 321. 

HiU, 231. 

Barkston, 174. 
Barleythorpe, 281. 
Bamstone, 171, 288, 291. 
Barrington Hill, 75. 
Babrow, G., 250. 
Barrow, North and South, 84. 

Gumey, 136, 317. 

Barrow-on-Soar, 28, 168, 169, 288-291. 
Barrowby, 311. 

Lane, 239. 

Barrowden, 280. 

Barry Island, 119. 

Barytes, 98, 124, 308. 

Basement-beds of Lower Lias, 36, 100, 

144, 175 ; of Upper Lias, 187, 245, 

246, 252, 254, 271, 272, 286. 
Bassingham, 175, 176. 
Bastard Lias, 296. 
Batcombe, 207, 208, 261. 
Bath, 8, 188, 211, 212, 262, 310, 813, 

314. 

, Divisions of Lias at, 138-186, 211. 

Bath Cement, 290. 

Waters, 319, 321-328. 

Bathampton, 212. 

Batheaston, 135, 211, 212, 262, 300. 

Spa, 320, 323. 

Bather, F. A., 158, 220. 

Bavaria, 230. 

Bawdrip, 82. 

Baysbill, 322. 

Beachley, 122. 

Beacon Hill, 89, 90, 318. 

Beaminster, 185,201. 

Beard Hill, 86. 

Bedminster, 136, 137. 

Beechen Cliff, 212. 

Beef, 61,65,66, 277, 308. 

Beer Crocombe, 75. 

Bbbslet, T., 46, 67, 154, 157, 158, 160- 

162, 221-229, 268-270, 274, 304, 319, 

327. 
Belemnito Beds, 43, 57, 66. 

Stone, 66, 68. 

Belemnites, Abondance of, 161 ; Barity 

of, 42. 

, Uses of, 297. 

Belemnites clauaius, 47, €7. 

longissimtu, 67. 

paxillosuM, 190. 

— — — tubular is f 251. 

Voltzi, 251. 

Belemtiosepia, 71. 

Bellevue, 184. 

Bolton, 232, 235. 

Belvoir Castle, 178, 809, 818. 

Spa, 322. 

, Vale of, 171-173, 809, 818. 

Bengeworth, 153, 154. 
Benholc Farm, 93. 
Berkeley, Vale of, 809, 312. 
Berrow Hill, 146. 
Berrt, E. E., 317 
Besford, 148. 
Bezoar Stones, 299. 
Bickmarsb, 150. 
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Bidfonl, 150, 294. 
BilletdoD, 170, 237. 

Coplow, 300. 

BiltOD, New, 163, 165. 
Binegar, 123. 
BiNFIELD, W. B., 145. 
BiNNET, E. W., 183. 
Binton, 150, 151, 294, 297. 
Birch, Col., 71. 
Birchii-Bed, 63, 65. 
Birds, Fossil, 13. 
Bishops ClecYe, 322. 

ItchingtOD, 159. 

Bitham Hill, 228. 
Bitton, 212, 312. 
Hill, 213. 

Bituminous Shales, 74» 181, 300, 308. 

«*BlackMarl,"57, 62, 65. 

Black Rocks, 102, 110. 

Black Yen, 53, 54, 57, 58, 62- 64, 66- 

68, 308. 
Black WeU, 321. 
Blakjb, FBor. J. F., 27, 28, 33, 228 , 

247, 250, 255, 278, 280, 328. 
BuiKE, J. H., 75, 87, 92. 
Blaston, 233. 
Blende, 98, 237, 307. 
Blenheim Iron-ore, 308. 
Blisworth, 276-278, 310, 818. 
Blood Well, 320. 
Bloxham, 222, 268, 269. 
Blue Anchor, 91-97. 
Blue Clajs Dear Badstock, 126. 

Lias, 57, 60. 

_ Lime, 288. (See also Lime.) 

Blue Marl, 210. 
Board & Ck>., J., 81, 293. 
Bodden, 89. 
Boddingtnn, 147. 
Bodington, 231, 817. 
Bonnet, Prop., T. G., 1 10. 
Bonus, Major, 138. 
Borings, Well-sinkings, &c. : — 

at Allington Hall, 174. 

.^— at Appleby, 286. 

at Avishay, 202. 

near Axminster, 800. 

^— near Badgworth, 300. 

— at BatheastOD, 135, 211, 800, 828. 

— near Billesdon Coplow, 300. 
at Bloxham, 268. 

at Bracebridge, 177, 822. 

at Bretforton, 154, 800. 

at Burford Signett, 158, 2S1, S69. 

-»— > near Carlisle, 300. 
— ~ at C^astor, 315. 

at Caythorpe, 240. 

at Chard, 74, 300. 

at Cheltenham, 324. 

in Cheshire, 180, 181. 

— at Chipping Norton, 157, 318. 
-^— at Evercreech, 84. 

at Evington, 169. 

at Gayton, 278. 

at Glastonbury, 300. 

-^— at Gloucester, 142, 818. 

; at Greqt Ortop, 183. 

at.Hilii|b)et9D. 9Q8« 894. ; , . 



Borings at Hambridge Mills, 76. 

at Haslcr Farm, 150. 

at Homton, 227. 

at Huckerb^, 300. 

near Kettenng, 230, 280. 

at Kingham Hill, 821, 868, 815. 

at Kingsthorpe, 230, 316. 

— at Langan, 1 14. 

— near Market Drayton, 300. 
at Melton Mowbray, 171. 

— at Mickleton, 155. 
at Neville Holt, 300. 

— at Northampton, 230. 

at Oakham, 238, S16. 

at Orton, 230. 

at Owthorpe, 171. 

at Peterborough, 885. 

at Bugby, 165. 

at St. Clemento, Oxford, 269, 386. 

at Saxby, 815. 

at Shepton Mallet, 315. 

in Shropshire, 180. 

at Somerton, 316. 

at South Bcarle, ^5. 

at Stamford, 284, 300. 

at Stapleford Park, 170. 

at Stony Stratford, 230, 877. 

at Stratton Audley, 230. 

at Thomhaugh, 283. 

— at Thrussington, 300. 

at Twerton, 136, 315. 

at Uppingham, 236, 

at Weckley, 230, 280. 

at Wellingborough, 879, 816. 

near Whitchurch, 300. 

at Wiggonby, 183, 

at Willoughby, Rugby, 882. 

at Woodhall Spa, 286. 

at Wytham, 230, 269. 

at Yeovil, 205, 259, 816. 

Boringd of Mollusca, 10,74, 185, 800,856. 
Bothenhampton, 201, 855. 
Bottesford, 172. 
Boughton, 146. 
Bould, 321. 

Boulder Clay, 277, 878, 880, 881, 810. 
Boulder-shingle, 117. 
Bourton-on-the- Water, 268, 810. 

upon-Dunsmore, 160. 

Bowdcn, Great, 233, 281, 882. 

, Little, 167, 281. 

Bowld, 321. 

Bowldish, 129. 

Bowlish, 88. 

Box, 211, 812. 

Box-structure, 236. 

Boxtone Hill, 203, 258. 

Bracebridge, 177, 241, 848, 886, 888. 

Brachiopoda, Jurassic, 16 ; Xaassie, 868. 

Brackley, 275. 

Bradley Green, 218. 

Branch Huish, 128, 210. 

Brattleby, 286. 

Braunston, Daventry, 166. 

, Oakham, 238. 

Braybrook, 280. 

Break between Upper Li«8 and Inferior 
Oolit?» 286. 



Urbsks, StTBligriipliiL'al, 10. 

Breccwted B«ds, 103, lUB, 107, lU, US. 

BredoQ, 14». 

Hlll,316,26H. 

Brent, East, 383. 

Knoll, 38. 79. SOS, 961-369, SU. 

Brentingbv. 380, 323. 

Bretforloul 154,300. 

Briarean Encrinile, 70. 

Brick Clajs, 397. 

BridgFDd. 113, 388. IH. 

Bridgiraicr, 82. 

Bndport, 54, 20U, 903, 9S<, 198, 311, 

314. 
— — Huboar, 52. 

Suid«, 253. 

Brigg, aH6. 
Brimsaombe, 265. 
Brimsmoor Tkc, SQS, 398. 
Brine Spriugf, 181.311,338. 
Brington, Great, 279, 
Brifitol, 136-138. 

. Chuincl, 118. 

Bbibtow, H. W., 75, 79, S3, SI, 92, 94, 

9fi, loo, 103, 105, 109, lU, 130, 181, 

133, 134, 13S-188. 140, 801, 307, 213, 

SGU, 9€4, 3ie. 
Broad Ledge, 59. 
BroadSeld Down, 138. 
Broadu-aj, 76. 
Broadwell, 368. 
BrociHtle, lia, 113. 
Bbocebanr, B. B., IB8. 
BrockhBil, SSI. 

Brockley E>owii Limeitoiie, 393. 
Brockridge Comiuon, UG. 
Bi^tckwonh, 143. 
Brodekif. W. J., 139. 
Bbouie, Bet. P. B., 38, 89, 139, 140, 

144-147, 110, 153, 1S9, 160, 168, 847, 

Sfi4, 2«6, !70, 371, 375, 308-804, 887. 
Broken Bed*, 98, 317. 
Bkooke, H. J., 71. 
Brookibf. 169. 
Brook ibrop, 141. 
Brou(thton,a?2,226. 

on-BiSDI, 74, 176. 
Brown, H.T.,M. 
btawa Liiae, 134,Safl. 

Bock, 185, S»2 338. 

" Brown Sands and iSandstone," 198. 

Brown's Wood. bS. 

Browse, M.. 167, 16S. 

Brtiiholme, 176. 

Bnie, River, S4. 85, 3tS, 810. 

Bnunb;, 177. 

Wuren, 17B. 

BntntingthoTpe, 1(7, 185. 

BrTmpIoti, 358. 

BnCB, h. von, 7. 

BurkiDgham shire, 380 | UppCT Hat of, 

276, S77. 
Bdcklakd, Ukt. Pbot. W.,5, 6,41,71, 

73, HA, 113, tSB, 123, 127, 135, 168, 

SOO, £96, S99, 30S. 
Mucktandi-'beds. (See nnder Amno- 

nlMI.) 

Booklasd, OloticMtenbin. 817. 



Bnckland St. Mm?, TS, 73. 

Bdckman, Prov. J., 8, 85, 144-147, 316, 

264-366. 
Bdcuun, S. S., 346, 353-354, US, 173. 
Buckmiostcr, 384. 
BDpbTook,275, 321. 
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Phillips, Prof. J., 8, 5, 6, 21, 33, 67, 

134, 152, 153, 223, 262, 304. 
Philups, R., 290. 
Phillips, W., 5, 21, 105, 123, 185, 300, 

3u8,311. 
PholidophoruM Bechei, 40. 
Phosphates, General Account oU 299. 
Phosphatic Nodules, 10, 128, 129, 131, 
210,222,239-242,811. 

Phosphatized FossiU, 127-129, 181. 
Phyllis Hill, 131. 

Physical Features, 809. 

Pickeridge Hill, 75. 
Picketty, 259. 

Pickwell, 252, 238. 

Pirs Elm, 147. 

Pigeon House, 148. 

Pigments, 307. 

Pilford, 144. 

Pilham, 300. 

Pillesdon Hill, 202. 

Pilton, Ruthmd, 283. 

, Somerset, 86. 

Pinhay Bay, 53, 57, 58, 60-62. 

Finney Bay. (See Pinhay.) 

Pipwell Abbey, 282. 

Pisbury, 77. 

Pitchcomb, 265. 

Pitoford, 279. 

PiUviUe Spa, 322, 323. 

Planes of Demarcation, 7. 

of Marine Denudation, 97. 

Plant-remains, Jurassic, 14. 

—^ — ) liassic, 25, 378. 

— . from the Lower Lias of Lyme 

Begis, 71. 

Plesio8aurui, Discovery of, 70. 

__ dolickodirus, 37. 

. Hawkinsif 39. 

Plewromya crowetmbeia, 50, 88. 



PlettnmjfOt Species of, 45. 
Pleurotomaria angliea, 49. 

bed, 186,200. 

PlicattUa mhttitriata, 99. 
— »— spinosa, 50. 
Plot, R., 8. 

Polden Hills, 76, 79, 82, 263, 809 
Polyzoa, 223, 865. 
Ponton, Little, 284. 
Population. Distribution of, 814. 
Portland Cement, 288, 290. 
Porter, W., 290. 
Ponrush, 126* 
Posidonomya Bronm, 251. 
Potteries, 143, 170, 298. 
Potter's Kiln, Roman, 298. 
Frees, 180-182, 243, 244, 287. 
Frestbury, 322. 
Preston, 205, 258. 

Capes, 230. 

Deanery, 278. 

— , Little, 276. 

Frebtwich, Prof. J., 81, 269, 823, 328. 

Priestleigh, 85. 

Priors ^Lutston, 819. 

Proieo-aaurus, 70. 

Pterodactyl, 70. 

Puckington, 75. 

Fucklechurch, 138. 

PuUastra, 93, 94. 

Puriton, 81, 82. 

Furton Passage, 139. 

Spa, 319. 

Pylle, 85, 2S8, 292. 

Pym Quarry, 79. 

Pyrites. (See Iron Pyrites.) 

Pyritic Ammonites, 60, 141, 148. 

Shales, 36, 167, 170. 

Pyrton Passage, 139. 



Q. 



Quantock Hills, Lias near the, 24. 

Quantodcshead, 92-95. 

Quarries, Closing of, 12. 

Quarry-Gill, 183. 

Quartz crystals, 124, 308. 

Quedgley, 141. 

Queen Camel, 77-79,294, 296, 818, 821. 

QUBNBTBI>T, F. A., 25, 88. 

QuiLTBR, H. E., 167, 169, 170, 288. 



R. 



Baasay, 188, 242. 
Race, 298, 808. 
Radiolarians, 41. 

Radjrtock, 126-129, 210, 262« 297, 299. 
Railway-cuttingSy East and West 
Jnnction, 159, 275. 
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Kailwuy-cjttiugs, Great Northero, 170, 
176,236, 241,284,285. 

, Great Western, 78, 82, 87, 91, 118, 

134, 141, 154, 158-160, 220, 223 ; 
(Banbury and Cheltenham), 157, 221, 
265, 268 ; (Chipping Norton and Ban- 
bury), 158, 268 ; (Shipston-on-Stour), 
154; (Chard Branch), 75, 76. 

, London and North- Western, 162, 

166, 170, 231, 279,280. 

, Manchester, Sheffield and Lincoln, 

287. 

, Midland, 134,138, 153, 168, 170, 

215; (Bourn and Saxby), 170, 238, 
28 1 ; (Somerset and Dorset), 82, 83, 
86,89, 129, 211. 

Hain-drops, 80. 

Rammbll, T. W., 318. 

Kammell, 169. 

Ramsat, Sir A. C, 3, 214. 

Ransomk, T., 293. 

Katley Grange, 227. 

KaFensthorpe, 316-318.. 

Reade, T. M., 79, 80. 

Reconstruction of Beds 210, 211. (See 
also under Remanie.) 

Red Horse, Vale of, 227, 309. 

Red Land, 222. 

Soils, 311. 

Wells, 320. 

Redmile, 172-174. 

Reid, C, 16, 55, 73, 74, 133, 202, 318. 

Rbid, H., 290. 

RiiD, W. G., 31. 

Bemanic-beds. 110, 113, 115, 127, 128, 
151, 210, 211. 

Rempstone, 171. 

Renard, a., 33. 

Reptiles, Age of, 24. (Sec also 
Saurian s.) 

Reservoirs, 74, 136, 316, 317. 

RhaBtic Beds, 54, 55, 72, 73, 75, 82, 83, 
86, 89-91, 93, 95, 99, 109, 114, 119- 
121, 125, 126, 131, 135, 140, 141, 
145-147, 151, 171,^84. 

and Lias Conglomerate, 99, 

109, 114. 

— , Relations of Lias and, 22, 35, 

72, 76, 151, 153. 

in fissures, 98. 



Sands, 125. 

Rhodes, J., 79, 176, 205, 241, 258, 284. 

Rhodonite, 307. 

Rhomboidal- jointed Lias, 79, 96, 116, 

117. 
Bhynchonella ietrahedra, 191, 232. 

variabilis, 42, 51. 

bed, 243. 

Rifts, 229. 

Rimpton, 84, 258, 260. 

Ripple-marks, 151. 

Rissington, 219, 268. 

Road-metal, 12, 296. 

Roberts, G., 58. 

Robin-a-Tiptoes, 235, 236. 

Robin's Wood Hill, 216, 802, 317, 818. 

Rocart, 237. 

Rock Bed, 185, 232, 295. 



Rock Mill, 216, 265. 

Rocks, Local Names of. (See under 

Names.) 
Rockingham, 282, 313. 
Rodwell, 320. 
Roman Cement, 290. 

Kiln, f&8. 

Romans, Stone employed by the, 8. 

Roofing-tiles, 295, 298, 299. 

Rooksmoor Mill, 215. 

Rotherby, 169. 

Rothersthorpe, 230. 

Rothwell, 279, 280. 

Rousham, 223. 

Rownet, Dr. T. H., 323. 

Roxby Grange, 287. 

RuBST, Dr. D., 41. 

Rugby, 23, 162-166, 288, 290, 291, 296, 

298, 310, 318. 
Rummels, 169, 172. 
Rutlandshire, Lower Lias of, 171. 

, Middle Lias of, 281, 232. 

, Upper Lias of, 280. 

Ryder, R., 140. 
Ryderia, 142. 



S. 



St. Audrics, 93-96. 

St. Botolph*8 Well, 321. 

St. Clements, Oxford, 269, 325. 

St Donat's Point, 117. 

St. Edmund's Well, 319. 

St. Gabriel's Water, 52, 66, 68. 

St. Hilda, 135. 

St. Keyna, 135. 

St. Mary Hill Ommon, 114. 

St. Mary's Well, 319. 

St. Rumbold's Well, 321. 

Si. Stephen's Well, 321. 

Saline Water, 165, 177,181, 269, 315, 

318,320-326. 
Saltford, 134,294. 
Sands, Economic uses of, 299. 
— - of the Middle Lias, 185. 
Sanders, W., 91, 134. 
Sandford Orcas, 207, 260. 
Sandhurst, 322. 
Sandstone, 224, 225, 231, 299. 
SandweU Park, 265. 
Santon, 286. 

Warren, 179, 24,3. 

Saporta, Count de, 14. 

Sarte, 318. 

Saurians of the Lias, 24, 87*40, 70, 81, 

171, 330. 
Saurian-beds, 18, 42, 60, 75,* 80, 146, 

255-258, 260, 265, 267. 
Saurozoic Epoch, 24. 
Saxby, 170,315. 
Saxon House, 96. 
Scale Hill, 207. 
Scalford, 238, 284. 
Scapheus ancylochelis, 51, 61. 
Scarle, South, 175. 
ScARTH, Rbv. H. M., 298. 



SctlidiitaiiTus, 70. 
Scenery, 309. 
Scottcr. 177. 
Seoiteniood, 177. 
Seraptoft, 169. 

Tunnel, 170. 

SciDDBB. S. II., 3-J8. 

Scnnlhorpe, ITH. 

Sea-lilion. (Sec renlacrinut.) 

SeB-niargin<, (llrl, 7, S3, 24, 88. 

Sen-water. Actiun oT, on roakt, 110, 

29:t. 

CHrbonale of Iiiine 10,31. 
SeaUmi, lOS. 
SeatoD, iis. ^as. 
Satann, 5S, S7, 69, 197. 
Sections of Strata, la. 
Seilinieiil, Puucilj- of, 247. 
Sedimcutury origin of limetitoiieB, S7. 
SedgeiiioiT, 365,309. 
Sedowick, Bet. Proit. A., 4-6, 9, 188. 
SlELsr, Prof. !I. G., 24. 
Scgrentian ofnodulei, 39. 
Seleiiite, IS4, 163, S4S, 253, S73, S80, 

SB 2-3 8.^, 308. 
Seleniie. FomiMioii of, 17. 
Selenitic Cement, 85, 290. 
Sclworthj, 117 
Sblw-ht, a. B. C. 180. 
8<piD,To5iiH, ?1 S56, 367. 
SeptirU, S37 310, 345. 385. 
Sequence of Strain, 7, fl. 
Serpent or sarpent ") stone, 189. 
Serpaninvs-heda,27t 37.^,281,288. 
Sfrpula telragona, 93. 
Severn Clifli, 119. 133, 188-140. 

Valley, 11 R, 310. 

SevinKtoTi, 858. 

§1. Mnrj, 303. 

Setvodb, J,, 79, 80. 
SiTKOlTR, Z., 80, 81. 

ShackeU Kke, 144. 

Shspwick,821. 

SniRMAH, G.,4S, 60, 88, 98, 112, US, 
IIH. 139, 131. 188, 143. 148, 154, 157, 
I6i;, 165, 174, 197,305,216,248,344, 
24G, 358, 365, 288, 286. 337. 

Shcaraby, 167. 

Spa. 313, 3S2, 335, 886. 

JSbcekill's brickyard, 154. 

Sbelk, Diosolulinn of, IT, 858. 

Sheninglim, 2G9, 3M. 

Shcniow 1(131 ^6fl. 

gfacptOD KenDehniDp, 208, 958. 

Mattet. A3. 86-8B, 388, 293, 397, 
298, aiS.sau. 

SiiEBBOiiH, C. D., 166, 347, 378, 888. 
Sberboroe, Dorul, 311, 817. 

, Uloucestenhire, 3t8. 

Ship Canal, GIrroceater, 141, 148. 
SbipnIon-on-Sloiir, 154,810,330. 

, Valeof, 309, 310. 

Shipton QoTgv.SQl. 

Long Lane, 301, 2S5. 

nQiler-Wychwood, 230, 881. 

Sbom« Cliff, <6. 
Shoteomb, IS 9. 
Shnipihire, Lower Iiiu of, IBO. 



Sbrapabiru, Middle Lias of, 248. 

, Upper Liaa (?) in, 844. 

Shuckbiirgh, Upper, 231. 

SIiuIc'b Uqc. 901. 
Sbutvtdl Spring, 319. 
Sibberlofl, 331. 
Silcby, 169. 
Sitfenlone, 2 6. 
Sixes, 73, 296. 

Ski!liu^oi.,'s8-l. 
Slags, Uld, .<)04 

Slattsr, T. J., 148, 153-155, 157, 221, 
327. 

Slaiigbler, Upptr, 219. 
SlavBton, 381. 
Hill, 334. 

.SL^iNR, Sir U., 84. 

SmeatoN, J., 261, 389. 

Smiles, S., ItiS. 

Sjiitb, W., 4-7, 81, 55, 185, 211, 318, 

3SS, 323, 823. 
SuiTHE, ItEV.Dn.IT., 216, 346,865, 266, 

268,800,387,815. 
Snakes, tmM\, 14. 
Siiakc-ltoiic,36l. 
Sock, SOi. 

Farm, 321. 

Sodbury, Old, 313. 

Soils, Anolyaea of, 811, 813; General 

RCCOUQI of, 811. 
SoLLAfl, Pkof. W J., 39, 81, 91, 131 
Somerby 382,337 
SomenctKliiie, Lover IdM of, 73. 

, Middle Lins of, 203. 

, Upper Lias of, as5. 

.Somerset, West, 24, 91. 
Somerton, 77, 315. 
SowiT Uii. II. C, 17, 81, 82. 
.Soucham, 160,319. 

Holt, 3a2. 

Southend Farm, 213. 
Soutbemdown, 31S. 

Sent". 99-11 i. 

Soulhvtood ComiaoD, 84. 

.SOWESBT, J. *.M> J. »B C., 6, 84, 96, 

135, 3S;, 328. 
Sparkibrd, 84, 395. 
Specular Iron, 171, 232, 287, 807. 
Spider, Fossil, 25. 
SriLLBR, J., 290. 
Spiuuey Ulll.s, IG3. 
.Spirifer-bed, 43, 137, 189, 181, IJS. 
Spiri/rrina Walcolli, 42, SI, 187, 183 
Sponged, 223, 374. 
Spouge-ipiciiles, I IS, 125. 
Spontuneoiia Combu^tioD, 808. 
Spratton, 279. 
Sprinp, aofl, 314-336. 
Spriag Cottage, U32. 
.Stotfonlshire, 180. 
Slalrg, 182. 
Slamfonl. 2H3, 300. 
Staucombc, 264. 

Fnk, 818. 

Standiah, 141. 
Stanford Hill, 171. 
STAKaui, W. H., 890. 



ou-llje- Wolds, in. 

Stauvii MarU, 184. 
SUpIefonl Park, 170. 
SUpleton, 187. 
St&rfieh lied, 193-198. 
SutbcrlL, SOS. 
Stannton Mill, 281. 
IVvville, 167. 
SUvortDD, 276. 
8taveU,S20. 

Steeple AatoD, S23, 2SS, 304. 
fidnclicunibe, 2m, 215, S95, 80S, >09. 
Stdcklincti Olteraej, 203, S&8. 
Stockton, 160, 288, 291, 299. 
Stoddart, W. W., 112, 136, 187,262, 
299. 

Stoke, Wert, aS8. 

— (Afford, 187. 

Goldinpou, 2J7. 

Orchard, M7. 

Uocbford, 2B4. 

StoUord, OS, 95. 
Stouozk^ Db. F., 280. 
StoDe, uetr Homblotton, 84. 
EutoD, 133. 

HaU, 152. 

Stone-beds, Local Namee of. (See ander 
Names.) 

— lilies. (See PentommM.) 
tile*, 295. 

^louebnrrow Hill, i:i, 64, S6, 68, 196. 
StonchoiiGC, 41. 

StODCBbf, iiHS. 

Stonesfleld, 3U:i. 
Stoney Littleloii, 129. 
Stony Stratford, 330, 277, 32S. 
Slooper'g Wood, 153. 
Stonny Down, 109, 114, 288. 
Stout Point, 117. 
Stow, 175, I7fi. 
Stov-on-tbe-Wold, 217, 219. 
Stove Brook, -231. 

iiine-*'hiirchcs,277. 
Slowej, 1.13. 
StradHBT,.! 421. 
Stbaman, a., 116, 137, 290. - 
STnAM<iw.iV«. C. Fox, 5, 6, 20, 85, 38, 
168, 170, 188, S13, 247, 272, 273, 287, 

Stmtford, Old, 3a3. 

on-Avon. 152. 153, 159,199. 

Strati grapliical Divisioua, S, 10, 353. 
Strattou Audlcy, 230. 
Smwbeiry Bank, 255, 357. 
SlreoEDS, Underground Saw of, 31 7. 
Street, Glasloobury, 33, 79-81,263.894. 
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-, Pylle. S6. 
StrenBham, 145, 146. 

Series, 146. 

Strettoii-upoD-nuniiDore, ISO. 
STBitKLiHD. H. E., 25, 28, 144-148, 

150, 153, 216, 223, 266, 294, 295, 810, 

313, 387. 
StTDod, 141, 215, Sia,86i 398,810. 



Stucco, 289, 290. 
Start Point, 91,93. 

SlUTTtBD, S., 227. 

Sub-zones, 30. 

Sulgrave, 276. 

.Sulphur Springs, 321, 325. 

Sulphuretted hydrogen, 316, 881, 

Sammerhooae Point, 117. 

Sun Bod, 74, 77, 12a, 185. 

Supcrlicial Ueposils, 310. 
Sutton, Alhoinptou, B6. 

, S. Wales, 98. 

Sene8,99-1 S. 

Stone. 33, 99. 393. 

— , Beds resembling, 88, 133, 

Basset, 233. 

Bog, 322. 

— Montis, 207, 260. 
Swaiiiswick, 136,317. 
Sitalcliffi', 304. 

Swallel Hole:*. SS, 124, 318. 

Swertbrd, 222. 

Symond'* Hall BUI, 214. 

Symondsbary, 201. 

Sthohs, G. J., 318. 

Syionby, 168. 

SyncUne, 57, 79, 119, 141, 197. 



Taunton, Vale of, 78, 74, 309. 
T^vnm.E. B.. 99, 100, 104, 106, 111, 
12,lU.l-.i7-133,210,399. 

'raj ntoD, 220. 

Brook, 220. 
T^TLon, W 2a . 
Teall, J. J. H., 38, 184, 808. 
TeeloD, 316. 
Teigh, 238. 

TtmnadoHtoiaurui, 39. 
Temperature of Springs, 3S0-SSS. 
Temple Gialtoii, 150, 153, 897. 
Terebratula pmctata, 193,882. 
Teno Colla, 284. 
Terraces of Cultivation, 313. 
Terrif^nouB Mud, 33. 
Teudopais, 356. 
Tew, Great, 233, 869. 
Tewkesbury. 144, 145, 818, SSS, 894. 
Tliackson'B Well, B19. 
Thcalby, 17B. 

Thonford, 230, 374, 275, 381. 
Thermal Watern, 321-328. 

Tfaickerby, 800. 



TbicliDewm of Stnta, VKrUtioni in, 17, 

6S. 
Thokpion, B., leS, 18S, SIS, 228-230, 

246, 247, 256, 2SS, 271-380, 283, 28B, 

295,300, 311, 31S, 328. 
Tliornbv, 210. 

Brook, 183. 

Thomeombc Hereon, 52, 54, 197-199, 

254, 
Thornbaugli, 283, 
Tliorpe, Durcntrj, 299. 

Laiiglo3. 167. 

KlnDdeville, 379, BOO. 

in-lbe-f!»llO':TS, 178. 

on-the-Hiii, 176. 

Thrapnlon, 279, 

"Three Tiere." H4, M, 195-197. 

Thnipp, 299, 

TtirussingtoD, SOD. 

ThuniierboltB, 42. 

Thurlboer Stone, 75. 

TburoliT, 16'J, 170. 

'fiffield, 276. 

Tile Clsjs, «97 

8toac«, 295, 
Tillon-OD-ibe-Hill, 238, 286, S37, 280, 

282,306, ?09, 3U, 320. 
Unubnry, 126, ISS, IB2. 
TiDlinhulI, 204, 313. 
Tile» PoioU l:!9. 
Tobacco-pipi'H. 29H. 
Toddington, Hfl, 313 
Tod^Dham, 1S4. 
Tolhay, 73. 

Tomb-atonci, 394, 295. 
ToxEB, B, F., 59, 79, SI, 99, 100, 103, 

104, 110,113,114,150-154,157,966, 

267, 327. 

TOOKET, C„ 20 

ToruH. W., 9 
Torkrey, 17S. 
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Tove, River. 276. 

Towetfitur, 276, 

ToWKSESn. Ret J., 6, 84, 828. 

TraasitioD Bed, General Accoddi of, 
238-S30; 186, 915, SI9, 224, 236, 
S36, 245-2J7, 257 266, 271, 274, 175. 

Trjnsitionul Ilea!, 9 

TredegtiPark, 191, 1S9. 

Trb:(CH, 11, 166, 231, 276. 

Trent, 33, 207,360. 

Triusic Chert, 133, 126. 

Limestonea, 81. 

Kocks. (See uader New Bed 

Series.) 

Trigonia, 280, 283, 886. 

bed, 1S«. 

Tafa, 3l!0. 

TiifaccouB Slone, IDS. 
Tuglij, 282, 2S3. 
TfBNKB, D., 59. 

TmrtuD, 134, 136, 113, SIS, 891. 

Twyford Lane, 33S, 296. 
TynnjQtiyd, 1 *. 
Tysoe Hill, 369. 



niey, 364. 

UDeonformitiei, 9, 286, 387. 
Undeif^and flov of atreaiDB, 317. 
Uufossiliferoai Beda, 271, 378, 976, 

282. 
Uphill, 91. 
Upiyme, 59, 73, 78. 
Upper Knowie, 186. 

Upper Lias, Gcui:rBl Acoouot of, 949. 

, FoisilB of the, 3*7, 

and Middle Liaa, Jnnetion of, 

87 ise, 205,328. 
—~ — and Hidford Suid«, 22, 346. 
and NorthBiiipton Baiid«,246, 

279, 280, 286. 

, Thickness of, 345. 

, Zones of the, 346. 

UppinghaiD, 236, 383. 

CptOQ Cheney, 318. 313, 262, 103. 

St. Leonard'h, 148, 

UsauEB, W. A. E., 34, 74, 73, 87, 133, 
1 174-179, 340, 341-243,246,984,986, 

303, 306. 



Valea, 309-313. 

Vale of BeNoir, 171-178. 

Calinos, 938. 

Glouoesler, 141, 144. 

lichester, 76. 

Marshuood, 74. 

MorelOB, 268. 

Ecd Hone, 927. 

TnuDloD, 73, 74, 

Wiiichcomb, 218. 

Wriiigton, IBS. 

Valleys, Denudation of, 976, 
Valley-gTBTeli, 810. 
Vallis, 97. 20S. 

Veins of Liaiaic material, 98, 1 
Victoria Quarry, 163. 
— Stone, 290. 



Vigo Pit, 378. 
Vineyards, 318. 
VoBLCKiB, Dr. a,, 137, 
Volcanic Action, 9, 199. 



w. 

WaddinglOQ, 176,341. 

Wudenhoe, 379. 

Wuinlode Cliff, 145. 

Wii.coiT.J„4, J32. 

Wales, South, 99, 

W*Ly<)Bi), E, A„161, 186, 198,800, 801 
281-333, 337-280, 247, SSS/jeg. 970 
374,814,319,328. ' ' 

Walkeb, J. F,, 355. 

Wallcombe, 89. 



WBllliMD-oa-tlie-Woldi, S8S. 
Walton Spi, SS2; 324. 
Walton-oa-the-Wolds. 1 71. 
WimbrMk, 74. 
WansTonl, 279. 

Brook, SBI,2B3. 

WkppGiiDiiin, ST6, 

Wanlington, S30. 376. 

Wore Cliff-, 13. 

W«rkW0rth, 162, t2*, 296, 380, 

Wamatbj, 3U6. 

Warwickshire, Lower Liu of, U4, ISO, 

159, I6G. 

, Middle Litu of, S2D. 

, Upper Lia« of, 270, 876. 

Watehet, ;i:.'-'JO, 'im. 

Watc^bcariog Btr«ta, SI 4. 

Watet-liiiie, liSM. 

Waler-«upp1j, Kelation of toiciu, Itc, 

1o, 314. 
Walerfield furm, ISS. 
W«lford, 23 87S, 297. 

Ciap, 231. 

WattonHill, fie, 201. 

Wurjall HiU, 207. 

WealheriDg of Bucks, 102, 1 10, 133. 20S. 

Wkavkk,T., 123-125, 139. 

Wedotrr, T., 6. 

Wedmore. 86, 91. 
WeuddD fieck. 2:il. 

Loi«, 2Jfi. 

, Upper, 2! 6. 

Weekle;, 230, fiSO. 
WelbODTO, 838,840, 284, 
Welford. 231. 317. 

HiU, ]S3. 
Welland, Birer, SSo, S81. 
WeUiDRboroDgli, 278. 2T9, S16. 
WelliDgon!, 240. 
Wellow, 129, 
Wells, Somrnet, 86, 89. 
Wdla. (Si-B Borings,) 

. Yield ol water in, 31S. 

WeltonJiortlnmplonBhire, 166,281,276. 

, Somer'^t, 129. IHI. 
Wcin, 181. 
Weit aiff, Bridporl, 52. 

, Lyme Regit, S7, 58, 61, 62, 

66, 70. 
West End, 220. 

Weil, SoDtheradowQ, 101, 103. 
Westhurj-on-SeTern, 140. 
Wpatcombe, 207. 
Westhsy Cliff, i2, 196. 
Weslbolme Houw, 86. 
WeitoD. Bath, 1R4, 288. 
— — , tlorthanti. 276. 

UndetiTood, 277. 

WktueoeDi B., 143. 

Weyeroft, 73, 74. 
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